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Areecanut: India’s Popular Masticatory —_ 
History, Chemistry and Utilization 


To the Indians, Malayans, or the Indonesians, betel-nut 
chewing is as familiar as chewing gum to the Americans. 
In India the use of arecanut and its cultivation consti- 
tute a distinct agricultural practice scarcely less impor- 
tant than that of other economic crops, but little atten- 
tion has been given to a proper assessment of the fruit 
either in India or elsewhere. 


RAGHAVAN 
De in t of Bo 


Introduction 


y 


COMmMuUnICatION Is 


Phe 


all palm commonly known as areca- 


subject of thi 


tel-nut palm, bearing tix 
Areca catechu Linn , 


(\receat 


The palm owes its rati 


ina 


name 


included in the tribe ot the fam- 


ily Palma 


Importance to the fruits known 


nuts or betel-nuts, which { t 


Orin 


i} 
tla 


\\ nen the 


mastic 


al chewing material in In 


lar eastern countries 


arecanut 1s employed as a atory 


It is often associated in fresh or processeq 


form with the betel leat ( Piper betle 


Linn.) and a little lime producing a deep 
red coloration in the mouth 


ls 


wine 


ecanut almost 


culture 


symbolic of 
ol 
Indians, Malayans, or the 


ol the 
the 


Indonesians betel-nut chewing IS as la- 


some oriental nations, 


and to 
miliar as chewing gum to the Americans 
India shared the monopoly for this crop 


! Present 
Princeton 
2 The 
Arecanut 


of Biology 
Princeton N. J 

thank the Indian Centra 
Committees Kozhikode and 
CGauhati financing a 
ircl during the 
which the details reported here were collected 


The of Mr. B. S. Varadarajan 


Secretary, Indian Central Arecanut Committe: 


iddress Department 


University 


iuthors 


University for scheme 


rese on arecanuts tenure ot 


cooperation 


who furnished the majority of the photographs 


for the illustrations, is greatly ippreciated 


AND 
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H. kK. BARI 


l 


\H 


Tt? ’ 
ne | 


mublishe i works on 


been freely drawn 


upon, 


aoes not by any means represe 


compilation Qn the contr 


been 


ary 


made not only to ey 


many observations crit ind com- 


paratively but also to “ate luture 
] 


Ines Of work which ean profitably 


pursued 
The 


, , 
nara 


arecanut essentially consists fa 


and fibrous outer 


husk, 


it the endosperm which is the 


covering cCcom- 


monly called the enclosing within 


edible nut 
In India the use of arecanut and its ecul- 
tivation constitute a distinet agricultural 
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practice scarcely less important than 
at of other economic crops Watt 


(151) referring to the cultivation and 
marketing of arecanuts in India writes 

in Eastern and Northern Beng 
and some portions of Assam its cultiva- 
tion has assumed still greater dimen- 
sions. In certain districts of these prov- 
inces regular plantations of 5 to 20 or 
even 100 acres in extent occur (exclu- 


sively of betel-nuts) ". Its cultiva- 


ial standpoint He further states 
The magnitude and importance of thi 
Indian production of betel-nuts may 
| 


imowever, be judaged Dy 


coasting trade From the published 
returns of foreign imports and Indian 
production, it would seem safe to al- 
firm that the annual consumption ol 
betel-nuts in India itself cannot be too 
far short of a valuation of Rs 225 lakhs 
or Say £1 500,000” However, it is ap- 
parent that the present production and 
consumption have exceeded many times 
the 1908 level, and arecanut has prove 

to be of considerable significance from 
the commercial and industrial stand- 


point, the import oO 


betel-nuts now ex- 
Rs 50,000,000 an- 
nually. In Spite ol the increasing 


ceeding more than 


economic Importance ol the fruit, littl 
attention seems to have been given to a 
proper assessment of the fruit either in 
India or elsewhere, and for this reason 
arecanut has not been exploited to the 
same extent as coconut or other fruit 
trees 
History 

Early History. The derivation of the 
name arecanut is not definitely known; 
it can possibly be traced to the Kanares 
“adeke” or the Malayalam “adakka”. 
In many other Indian languages the 
words “supari” or “tambul’” refer to 
betel-nuts or to betel-nuts mixed with 
betel leaf and lime. In India arecanut 
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has a long history as evidenced by a ref 
erence to 1t 1n early Sanskrit works un- 
der the name “Gouvaka” and by its 
prominence in Hindu mythology and re- 
ligious observances 

The widespread occurrence Ol the 
habit of betel chewing is itself an indi 


In Soma- 


deva’s Katha Sarit Sagara ere 1s & 
) ; f } ] ; Hoax ] writ hy 

mention of betel-nuts Navored with five 
irults References i Het Chewing s 
ivallable both in the Jatakas and in sev- 


eral other Pali works as well as in Jain 
iptures. In the Hitopadesa betel-nu 
is described as pungent, spicy, bitter 


and sweet; it is also said to expel wind, 


subdue bad odaor, to bye utitv the mie uth. 
to remove impurities, and to induce love 


Sushruta has mentioned in the first cen- 
tury A.D. that after a meal, the intelli- 
gent eater will take either some fruit of 
an astringent, pungent, o1 bitter taste or 
chew betel leat prepared with broken 
arecanut, camphor, hutmeg, or clove 
Some of the early travellers who visited 
India mentioned the custom of betel 
chewing and the use of arecanut Abd 
Allah Ibn Ahmad has paid a tribute to 
betel chewing in India in his treatise on 
drugs He has quoted several Arab au- 
thors and mentioned Sheriff chiefly, ac- 
cording to whom “the betel brightens 
the mind and drives away the cares 

whoever uses it becomes joyful; he has a 
pe rfumed breath and periect sleep 

betel-nut replaces wine among Indians 
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by whom it is widely used Chau Ju- 
Kua in 1250 a.p. spoke in his work on 
he Chinese and Arab trade of arecanut 
in Annam and of arecanut wine of the 
east coast of Sumatra He has also 
mentioned Ceylonese kings making use 
of arecanut paste and pearl ashes; he 
spoke of arecanuts as one of the prod- 
ucts of the Coromandel coast, Java, 
Borneo, and the Philippines (93) 

The arecanut was first described by 
Herodotus in 340 B.c., 


The earliest his- 


AREC 


Kurope in to he 


; 


orice reference by a 


habit of betel chewing among the orien- 
tals occurs in the writings of Marco 
Polo (1298). Subsequently Vaseo da 


(1498), Varthema (1510), Bar- 
(1516), de Orta (1563). 

(1578, 1594), Abul Fazal (1590), 
(1598), Pyrard 


(;ama 
hbosa (rarela 
Acosta 


Linschoten Francis 


(1601). Roe (1615). Jaeobus Bontius 
(1629), Bernier (1656-58), Boyvm 
(1656), Vineenze Maria (1672), Taver- 


1703) have 
gviven similar accounts (68, 151) 
Origin. The 


egrecanuts Is, as 


nier (1676) and Catchpool ( 


‘ ] f 
ectual souree Of 
In the case of 


other crop plants, still a 


many 


matter Of specu- 


ation because ol thie many adiverst 


views, but according to von Martius it 1s 


probably the Sunda Islands 


vation is said to date back to the pre- 


Christian era. There is a reference to 


in a Chinese work ‘San-fu-huang’ sup- 


140 


‘Pinlang’, evi- 


] to have 


] 
posed 


sO 


been written during 


B.c. under the name 


cle ntly “a lorm of the Malayan equivalent 


of the fruit ‘Pinang’ (122). Gareia cde 
Orta mentions it as being cultivated in 
Malacca before 1598, a fact later cor- 
roborated by Ridley (135) de Can- 
dolle (49) in his classical work on “The 


Origin of Cultivated Plants’, quoting 


von Martius says, “Its country is uncer- 
tain, probably the Sunda Islands” 
Bretschneider’s works indicate that the 


palms were found in t 


he Malayan Archi- 
pelago and India in the first century A.D 
Blume says that the habitat of the spe- 
the Malay Peninsula, Siam, and 
The 


of the present system of betel chewing is 


C1es 1s 
the neighboring islands (21) habit 


in a work of the fourth cen- 


The ancient Arabie writers seem 
recognized the 
arecanuts and eall it “Fobal” or “Fufal”, 


mentioned 
tury 


{ 


to have importance ol 


referring to the habit of Indians masti- 
cating it with lime. Arecanut palms ob- 
in Malabar (India) 
(21, 142). There 


of the fossil remains 


viously growing wild 


have also been noted 


has been no record 
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Oo] e genus treca. but the ibur iance of 
the paim genera discovered 1D the form 
Ol shells, leaves, and stems ron thie 
fertiary period probably indicates that 
lis genus Was 1n existence as long ago 
is that time 


Philip- 


ol 


\ccording to Beceari 


(19), the 


were the home 


Islands 


he arecanuts; he has deseribed from this 
region various forms of Areca catechu 
; ' - , 


occurring Closely aimed and presumes 


it it was in the Philippines that the 
edible variety finally assumed its pres- 
ent specific characters Favoring the 
yreater antiquity of the species in the 
Philippines, Beccari argues that in no 


other part of south or east Asia 1s any 
species found which in any way ap- 
roaches the cultivated variety Areca 
catechu var. sylvatica probably repre- 


“ents the Wl Areca catechu 


ld vaniety of 


Lint However, the large number of 
varieties of arecanuts described from 
\MIalava seems to suggest that the spe- 
eles originated 1n Malaya This is also 
support | by the fact that the largest 
tvpe of arecanuts (Pinang wangt), de- 


cidedly one of the important types which 


is almost on the verge of extinction, 18 


described from Malava Indeed, areca- 


1 


nut has been a source of trade between 
India, Ceylon, Indonesia, and Malaya 
from the remotest periods of history 
(63) 


Distribution. 
tially tropical, its distribution being con- 
fined Asian 
like India, Pakistan, Ceylon, Malaya, the 
These 


arecanut 


Arecanut palm Is essen- 


to the southeast countries 


Philippines, and Japan countries 


form main belt of cultiva- 
Arecanuts are 
ported to oecur in Indo-China (114), East 
Indian Islands, and southern China (72), 
(156), Arabia (22, 29), Egypt 
and Java (94) 


northward as 


tiie 


tion in thie tropics also re- 


Formosa 
(142), 


ports Its 


Ridley (135) re- 
occurrence lar as 
Canton, Amoy, Formosa, and the Bonin 
Islands, westward as far as 


Mada 


gascar, and East 


aly A a 
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ward in the central Pacific and lately in cording to information supplied by the 
Ki rhe areeanut palms are also found Indian Central Arecanut Committee, the 
in cultivation in certain areas ol th total area under cultivation of arecanuts 
Persian Gulf and Zanzibar and as al in India in 1956 was 2,161,500 acres with 
ornamental in some warm regions, espe- in annual output of 21.76 ikhs ol 


ly Florida and Hawaii (135, 60, 10 maunds of arecanuts 


cia 
109). Whether the palms are indigenous 
a eae resins «i remains undeter- Biology 
ne VeECAUISE ¢ eir restricted occu Botany. Areca catechu Linn. is one o 
ence al the absence Of anv Wilda species e species of the genus Areca es Dlished 
It mig be tha ring Tertiarv times by Linnaeus. Four species, namely \ 
the species was distribut hrougho techu Lint 1 concinna Thy \ 
the wo ! ( iter periods é } ndra Crift ne { ) ) Ciriff 
tinuous list eRete ( ) lis Vis ~ ir I wenous to lt put lew otnel 
irbed because ot s iIninv oat species like A. madagascarie? Na 
etors \ irge number ¢ ort ( l ( / / or ) mad ca e? 
species dls pear rom e tropics ol (Mart } Bec ) are grown 1M garaechs as 
e hemisphere. leaving onlv isolated ornaments (69, 59, 90) The edible 


Phe range of distribution of the sys vent and qdistinet mor] ological types oO 
cies in India irs to be restricted an recanut palms, although there are dil- 
is chiefly confined to the southwest coast ferences in size and shape of the fruits 
Mysore ( oorg Jombay Benga ana and sue! other characters by vhicl 
Assam, the palms being conspicuously tvpes or varieties of truits are distin- 
absent from upper and central India suished, The fruits of the palms in dit 


aillere 


tion and production ol arecanuts 1 the san region exhibit variation 


) satisfactory \c- ind on this basis the palms have gained 


India are lal 


FROM DIFFERED 


M ilay 


Round big, Round small Sinhalapuwak Pinang wangi Lie echu forma 
Convex shaped, Pointed fatapuwak Pinang telor ymm { tecl 
to Narrow bast Himbapuwak Pinang jambu Val jl 
Long (3, 136 97. 100 Pinang lemak 1. cateci val 
4. catechu var A. catecl Pinang kuning longuarp 19 
eliciosa 32 h 110 Pinang bets 1. catecl val 
Pinang malan ne 27 


Pinang bento 


] 

Large oblong 

Big round, Apex tabon, Pinang 
small round 


Pinang ranggong 


round, Long, Small 
ellipsoid, Small 
oblong Small apex 

ointed Small Pinang ramba 
round 121 Pinang kerdu 


64, 101, 136 


Pinang selung 


AREC 


sp eine or vari tal status lrom some hot- 


anists. The different types of arecanuts 


are normally seedling races which breed 


true to seed except lor some simple fluc- 


tuating variat said that more 


1oOns It is 


ANUT 


delimitations. recanuts 


deseribed from different countries 


ire 
summarized In Table ] Chey ire 
mostly based on the size ot e lIrults 
(Fig. 1); this delimitation is somewhat 


irecanuts Each 


group sents outline of the fruit, vertical section 
of the fruit and pattern of network on the surface of the nut 1) Big oblong; (b) Big round; 
c) Small oblong; (d) Large oblong; (e) Small round f) Long; (g) Apex round; (h) Small 
ellipsoid; (2) Small apex pointed 
than seventeen varieties Of arecanuts arbitrary, but the nomenclature 1s con- 
are known in India itself (11). The venient and widely used 
names of the types of arecanuts given The morphology of the arecanut palms 


by the local population based on the size 
and shapes of the fruits and even on the 
degree of astringency of the kernels are 


oiten unreliable tor specific or varietal 


and the variations in the types of areca- 


nuts have been described by different 
workers (3, 21, 69, 100, 121, 136, etc.) 
and henes only their salient features 
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along With notes on the ecological 


} 


anatomy will be 


considered here 
Arecanut palms are tall and erect wit] 


typically unbranched stems (Fig. 2), at- 


taining a height of 12-30 meters and a 


diameter of about 30-45 em. The palms 


terminate in a crown of long gracefu 


pinnate leaves, which are normally bright 


ereen but which on aging golden 


turn 
vellow and finally 


. : : 
brown Like all othe: 


monocotyledons the arecanut palm has 


Fic 2 \ good 


only a terminal bud and lacks a cambial 


evlinde r Branching of 


palm is rare, 


the arecanut 


but a few cases of fascia- 


tion of the top have been noted (48). 
The stem is greyish brown, generally 


with epiphytic growths of lichens, and is 


ornamented with sears of fallen leaves 
in a regular annulated form The stem 


possesses great mechanical flexibility 


Che epidermis of the stem in the early 
stages 1s With a heavy layer ol 


covered 


cuticle, but in the older stems this laver 


together with a few of the hypodermal 
cells becomes thick-walled and lorms a 
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irecanutl garden in Malabar 
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distinet layer resembling a periderm 
characteristic of the dicotvledons The 


peels off easily in 


exposing 


periderm-like layei 


mature stems the hypodermis 


which become reddish by this time In 
the younger stages the hypodermal cell 
contain abundant chloroplasts 
lar bundles are numerous an 


The 


symmetrically 


1 typically 


monocotvt donous eround Tissue 


Consists Ol arranged rows 


of cells which form 


a sort ol spongy net- 


India) 


work toward the center of the stem with 
small air spaces 

The arecanut palm has a fibrous root 
system. A 


roots, eac} 


mass of thick adventitious 
0.60-1.25 


from the 


cm. in diameter, 


arises base of the stem about 
30—45 em. below the ground and spreads 


into finer branches ramifying in all di- 


rections In some the mass of roots is 
seen as a tuft above the soil at the base 
of the stem. The arecanut root has a 


structure adapted tor growth in very 
soils 


moist 
of the 


Outside the central portion 


root enclosing the main conduct- 


Tissues there 
region 
iy ick-wW i 


tiie cor 


1 ieng a 
20-30 l 0.60.9 meter 


he | rion ot f canuts are relative 


broad sh i Which eneire t Iving and identilving 
nature I 1} ruminat 


sperni 


SCC CO; 


the husk and 
phvlous due to the presence 
sclerenchyvina in the 


tion 
rescence 


] 
thick cuticular coveri emerg- 


The stomata are smal listributes ing inflorescence, nati | infl 
on the ventral surface ‘conducting = cenes 


veins are also numerous and heen used 


xerophylous adaptations type 
Detailed studies on the morphologica the 


and floristic characters the arecanut rences 
palms bearing different types of fruits f 


shown that the palms are strikin 


similar showing no indication of a e morphology of 


llen grains (120), anatomy ol the 
fruits. A statistical study of the ght, stalks, and 


tal distinction except in the size of tl po 


circumference, and related features of th tvpes (119) | 


palms bearing different ty] ff the understanding 


ave lurther given a clue t¢ 
probable TC- 


has also led to the conelusion th: t netic status ol e tvpes of arecanuts oc- 


species as a whole is homogeneous, curring in nature Phi polle n grains of 
ing no appreciable differences in_ it the types show a similar morphology in 
vegetative and floral characters f1 having monoe upate grains The anat- 
which types can possibly demareated omy of the fruit stalk shows that all the 
(119). Further, sueh characters of th types are similar with minute variations 


Occurrence 


lm relating heir getatn level in the trequenev of 


opment appear influenced | bundles and length of vesst 
ecological features of the localit atl ments, whereas 


than by the phvlogeny ot th ‘hromosome number, al 
Sands (136) in this connection diiterences 


“As observations on the flowering { chromosomes and 


betel-nut palm have shown. that constrictions It has th 1 apparent 
flowers are normally cross pollinat that the range of variation in Areca 
that in all plantations and gardens th catechu is limited in 
ordel 


are numerous types, it will be realized many types with | 
that in the absence of breeding experi- and, therefore, standing at the same 
ments, it is an almost hopeless task en- level of evolution In view of the 

deavoring to decide which of ie large nut evtological changes delimiti 


Varietal crosses in the 


: ) 
ies offer ample scope Tul 


vastly improved tvpes of} 


Floral Biology. 


trees during the 
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of the older trees do not bear any in- 


florescences at all in some vears \ ful 


grown spadix of arecanut proauces on an 


average 250 to 550 temale flowers and 


2 OOO to 3.000 male flow’ I's thie lormel 


, . : 
being conhined to the basal remion and 
at atter lorming the fthiitorm panicles 
Ol the spadix The inflorescence (Fig 
2 . , 
>) 1S ormed ] ( iX]ll OF Che Cul Oo} i 
mature tre il =~ enclosed I i sda ( 
Vic Splits open to expose thy flowers 
Tig SPoCaIN I> COMPOSE. i) i Tt? LOsVECTs¢ \ 


young fruits 1) ons 


compressed main axis about 30 to 60 
em. in length which bears some 20 to 25 
secondary branches. The latter in turn 
form the tertiary branches In certain 
cases bisexual flowers have been re- 
corded; they occur on the same rachis 
between the male and female flowers 
(126) Usually the female flowers are 
confined to the base of the rachis or oec- 
casionally to the end (108): or some- 
times, a male flower may be found ad- 
joining a female flowe Kach femal 


perianth, the 


flower has two whorls of 


AREt 
outel boat-shaped reen Whol oO <CD = 
wna tlie nnel petals | ( ( ry S 
ovoid-globular wit! dome-shaped tip 
formed by the thre stiff stviar provec- 
tions The whor its ovarv is 
lormed ol SIX stamilnodes \ ( i! 
close \ LDpresser 8) 1h 0 \ ( 
nale flowers in¢ minut cre l COLO?! 
riangular structures, col sing vA 
VHOris ¢ peril SIX § mens I 
eentra Ist out Howe en ( 
flowers hh sone ( spadices ex 1) 

irvine qaegrees oO pnorn \ ( 
have been des rv Rag 118 
Bo { ll i ras) How 

ery rag I 

Megasporog osm city 

! oO tt VAL ! wv ; e 
gated by Swal (141) cao (129 
130) Development o ( ( 
Hot! ise | { OW ~ ere 
il | cy Is = ( OWs ( - 
petals, stamens or stamunodes : oO 
pous until fertilization and late econ 
anatropous hey are Crassimuceilate 
ind bitegminous Che outer integume) 
IS Massive and is traversed by brane ng 
vascular bundles. Soon afte ertiliz 
tion the outer integument sends off i : 
Ol rumimations which grow centripetally 
though thev never meet in the cente? 
These iorm the characteristic init 0 
thie endosperm vIVInNg them a marbier 
ippearance in- section Phe evelop- 
ment of the embrvo conforms to. the 


‘Onagrad’ type of Johansen (131) 
The phi 


Yils as soon 


" 
Thisale ise OF the arecanut paims 


As The <1) 
Phe 


Indidscrimimate ly, 


aqix trees itsell 


Irom the spathe flowers Commence 


to open and this phase 


is continued for 
all the 


weeks until 
The 


t} 
LIi¢ 


two to tou 


male flowers are ex! 


austed 
individual male flowers open early in 


morning and remain in that position 


until they wither in the evening, maxi- 
] 


mum dispersal of pollen grains occurring 


between 9 and 12 A.M There also 


he 


} 
)- 


a 
I 


an optimum period during 


ra) the spadix whet ( 
ehnarge of pollen @ralns Is ¢ ecrer (119) 
\t ( CLOSE Oo { ( ) ~( thie 
reel YT iis ( { ( ( wers 
engthel ind ¢ ince tnewr colo! O Vel- 
OW 1lST-W ( | ( ry iis S11g V opel 
e Tips. and soo ( cep { 
| ~ li ~ re dpe { I 
( e] ( ) is¢ eit \ ists 0 
{ 4} 
ou oO e davs., and ( owers remall 
OMe ring = ©] ‘ ( 0 exposing 
ecren R ’ @ ~< ce oO 
=f ~ | ~ ( =}) 
i) ( \ { ) ~ r ‘ ~ \ ( 
( CLOSELY CK ll! young low = 
l econ ul s ¢ ( neat 
t 4} 
ritv owers I nter- 
Ces ( Vee! ‘ ) ( ( tion oO 
‘ ( el i ns It ~ = ¢ ( i 
4) y 7 } ! 
( ( ( Cll ( OWE = ( ( om 
< neously is necess ng cross 
0 l s) \ ( s renera eTrectec 
) 
\ Vil Bees ne nsects regulary 
) 4} ) } 7 1) 
< ( } ( Ow s, Dut ey ive 1O 
? } ; {] y t} r 
( “een oO ( CTHA le owers: thel 
1 Lutes] 
ole] ollina mis eretore, doubttlu 
T+ ] 
| = noted nowevel { it some paims 
elop spadices I suc quicK suUuCCeS= 
“101 i ne e phase o ( resniy 


opened spadix overlaps the female pl 


of the one preceding it, so that self-polli- 
nation is possible. Cross-pollination, as 
ready noted, effects considerable vari- 
tion in the progeny and induces pro- 
UCT 


n of new tvpes (136, 138) 


observed that a the temale 


lowers that are borne on the 


spadix do 


iOrity ol 


fruits, a considerable m 


them falling off prematurely. The ex- 
ent of sterility caused by such flower 


fall in some of the plant itions in Assam 
India) has been estimated 
30 (120) 


ood 
for the 


to vary lrom 


to 
The 


ation to the 


oo percent 


reasons low fruit-set 


ol 
h spadix are pri- 


In re- 


large number female 


flowers produced in eae 


(1) 
maturity 


marily due to non-uniformity 


the time of 


ol the mi 
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emale flowers w considerable ig ( 
twee! (2) differences in the proportio1 
U the st ( polel GTains il Tlie iif 
lowers 3) i rt Ol i considerable 
number Of pollen grains to germinate ol 
the stign (4) “iow vgrowt Ol the poe 
tubes and their subsequent death inside 
the sty r cana esuliting in fallure o 
lertiiZatior (5) s ! eo thie Olle! 
grains and the degree ot recept tv oO 
{ stigma being most ivorable wher 
the flowers are slightly oper (Ob) ex - 
tions Ol tempe ture midity ? 
otner lactors whi ifiect the successtlu 
dispersal of the pollen grains nad the 
subsequent germination, and (7) asso 
C1atiol oO! r-spora originating trop 
lung bacte) i ind actinomveetes wit 
POLel OTrains the p ntations ane ts 
evTiect on the subseq l 
nation and lertilizat 

From the for on it 
odging of the poller grains on. ti 
stigma under natural conditions and its 
subsequent germination and growt ead 
ng to the lertilization ot the ovule ire 
inp riant tactors controlling truit-set wv 
recanut palms Qrdinarily no more 
than 75 of the female flowers actu \ 
recelve pollel rrains on their stigmatic 
surtTaces The mal problem, however 
resoives itself in the active growth ot the 
pollen tubes inside the stviar Canal lead- 
: . 


ing to the fertilization of the ovule The 
lallure ot the potien tubes to tertilize ( 
ovules has been que to the tengt Ol the 
pollen tubes formed being iu equate to 
reae!] the ovule tiie engt Oo! the stvie 
of the female flowers generally varving 
from O8 to 1.3 en Detailed field 
studies on the problem conducted in As- 
sam have indicated that various tung 
ike isperqill is Per ( liun Val nomuy- 
cetes, and bacteria colonize the stigmatn« 
suriaces of arecanut flowers qauring the 
early days of their opening; the subse 
quel rowth oO the pathogens on the 


nos ol 
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nation ot pollen g ns and growth of the 
pollen tubes (14) Chis phenomenon o 
intagonis vould be of considerable sig- 
nificance in determining the factors that 
{ nh ¢ eck Tit ree “mount oO lruit Oss 
l irecanuts kxperiments on the ger- 
munation of pollen grams 2 { hn cul- 
tures using various syntheti IxIns 
tamns l race elements ( iis0 
nave ed t ( ereentage ot gern 
nation o tive wollen ¢ 11s nd the rate 
Ol growt 0 { ollen tubes can be e1 
hanced to cons erable extel (125) 
Hut I { ] Ci t tpp { it Ol { It { a 
suits s re ns to he {ASSN The 
Agronomy 

Soil. | tvpe of soil in whit thi 
palms are grown 1s important for best 
production of the crop it it is not 
Imiting factor because arecanut palms 
rrow in many kinds of soils rving in 
India the irgest areas unde irecanut 
Cuitivation occur in the laterite soils of 
Mysore ind Kerala although generally 
in iterite soils the palms do not row 
well unless compensated by heavy ma- 
nuring. In Fiji the palms are found i 
thie LiuVia Solis O the coasta reas 
Wrilit l Ma iva the crop is cultivated 
ll i wide range OT solis Irom granite to 
iImestone and caleareous tvpes:; these 
SO1ILS ir VPeCNeCrally considered Oo} in 
plant foods (101) \ good crop of are- 
enunut ¢ 1 be raised in nearly i types 
Ol solis provided they ive Capacity 
lor thorough drainage al abilitv to re- 
wn optimun moisture required by thie 
palms Lig { id sal soils are not 
suitable unless copiously irrigated and 
manured 

The cultivation of arecanut in the 
Bombay State is chiefly confined to the 
coastal areas which consist of sandy soi 
With an admixture ol laterite oumMs In 
Mysore Cspeclaiy in tie Ma nad re- 
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in laterite soils of loamy and 
character. In West Bengal the 
illuvial formation with large admixture 
of sand or light loam, whereas in Assam 
soils al a sandy loam ty pe 
are fairly rich in nitrogen and gen- 
ow 1n available potash and phos- 


| ] 
‘ " 
{ 


late In Assam the presence of lime 1n 
certalm solls appears to be a limiting 
factor lor proper growth ind good y 
of arecanuts (119). 

Climate. The ai 1ut palms 
in regions of high raintall (200 ine! 
above ps they can also ~Uurvive 

as 30 to 60 inches ot 

effects of low rainfall : compen- 
sated by copious irrigation summet 
More important than the rainfall are 
drainage facilities and the seasonal Coconut and plantains as border 
For good remuner- — croy recanut ga 


tribution of rainfall dens 
ative yield in arecanut gardens the im- 
portant factors are a uniform distribution =< said to eool down the atmos- 


of rainfall, good retentive capacity ol which is so essential for the palms 


and irrigation when necessary In- 


however, it is possible 
tigations on the comparative vields presence of a large number of 
arecanuts in different place s in Assam in a garden subjects the crop 


have shown that the output at Cher- petition, thus reducing vield 


rapunji is poor, the soil here being sur- Propagation. Arecanuts ar 


prisingly le in molsture-retaining Ca- sively propagated by seed 


1 ads = le ection of 


pacity, despite he act that tl annua! thie 


ni seed nuts is the first step in produc- 
is great (119) Ing 


a profitable crop of arecanuts. In 
1 arecanut plantations the maximum — south India, seed nuts 


are gathe red from 
temperature should not exceed 100 I: 


ibout 30-year-old trees or from young 
but a continuous temperature of 60° 1 trees 


100° F. is preferable. The ill effects 


In Assam and Bengal no impor- 


tance is attached to the matter of selec- 
summer temperatures are compensated — tion of seed nuts for planting. They are 
by profuse irrigation The palms are collected from all trees irrespective of 
unable to withstand extremes of te mper- age The Malayan growers also follow 
atures and wide diurnal variations a similar method in the selection of seed 


Thev are tolerant to moderate elevations nuts Even in 


the matter of selection of 
on mountains but generally thrive best the particular bunch from which the 
at low altitudes seed nuts are later gathered, the methods 
Arecanut is a shade-loving plant and followed in the different parts of India 
Is & custom 1n 
many places to fix up the middle bunch 
orange, plantain, coconut, ete. (Fig. 4) for 


is usually grown as a mixed crop with vary considerably. It 
fruit trees such as mango, jack, guava, 
seed purposes, while in certain areas 
Subsidiary crops like cardamom and __ the last bunch of the season is preferred 
pepper (Fig. 5) are also cultivated in The seed nuts are allowed to ripen com- 


gardens in Mysore (5). A mixed plan- pletely on the tree and are dried in the 
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sun for one or two days or in 


lor three to seven days before being 


sown. However, drying of the nuts does 
not increase thell 
tion (3, 138, 83) 

No elaborate 


ruie, 


capacity lor germina- 


preparatory ls 


Is, aS a necessary lor raising tle 


seedlings well-tilled land in 


Gent rally, 


a well-drained area in the garden or on 


the sides of the irrigational channel 


" 
the seeds 


9) 


forms a good ior 


The 


sowlng 


seeds are sown in rows 15 to em 


Pepper vines 


20 to 50 seeds 


pits deep enough to cover them but shal- 


apart or in groups ol in 
low enough to permit the young plants 
6) 
the dif- 
time 


to reach the 
Since the 


lerent 


surface of the soil (Fig 
harvesting seasons il 
the 


location 


India 
varies 


states in vary, ot 
, 


seeding also with and 


weather conditions 


large 


In many gardens a 


number of seedlings sprout from 
naturally fallen nuts which are allowed 
The 
ol crowth ol the seedlings depends 
the 


to grow in situ into adult palms 
ra 


upon aiter-care bestowed on them 


trailed 
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Recent studies on the merits of different 


nursery practices in arecanut cultivation 


have shown t lat sprouting the seednuts 


in loosely { Straw bundles and then 


planting them in nursery | gave low 
germination (84.5 percent) and poor es- 
thie 


tablishment in nursery 
Direct wing the 


(76 percent) 


I 
nursery gave 95 


percent es lishment: seedling crowtl 


Was stronger alter direct sowing than 


after transplanting and in earlier germi- 


ones than in late germinated ones 


ilms 


on arecanut }j 


(16, The 


cially rotted to facilitate germination 


17) husk is sometimes artifi- 

Usually three months after sowing, thi 
seedlings (Fig. 7) are ready to be trans- 
planted in 
lowed for seedlings mav even be 

The 
to be 


nursery beds, but the time al- 
to 


thie 


up 


four years area required 101 


nursery is well dug or ploughed 


and a shade crop of bananas planted 


about 2.7 meters apart in the north- 


Planting of 
suckers may be taken up prior to plant- 


south direction banana 


ing ol the seedlings so that the vy may be- 
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come well established and give sufficient 
shade for the young palms. Watt (151) 
in Bengal in the ear- 


has reported that ( 


her stages ol plantation, Erythrina in- 
dica Linn. is planted The 


i if In- 
terspaces between the banana rows (3.6 
| 


lor shia 


meters apart) are to be thrown into 
raised beds 1.2 meters wide and 15 em 
high and of a convenient length in thi 


north-south direction. Two nursery beds 


each 1.2 meters wide will run between 
the two banana rows with a central 
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trees in the garden are repl iced by fresh 
seedlings. Thus, some of the older gar- 
dens may oiten have &00 to 1200 trees 
per acre After the seedlings have been 
planted, the beds are to be mulehed with 
green or ary leaf, cattle dung, wood ash 
or ground nut cake according to the de- 
mands of the loeal conditions. Beds are 
to be made only in the rainy season and 
should be well irrigated in summet 


systematic 


Practices. No 


he cultural practices generally 


* Cultural 


st 


Young 


drainage-cum-irrigation channel of 45 


em. width. To supplement the shade of 
the bananas, legumes like Sesbania may 
be sown in the western margin of each 


nursery bed (111). 

The young seedlings are to be planted 
in the nursery beds at a distance of 30 
< 30 cm., and in each bed three rows of 
planted leaving 30 ecm. 
h 


plants can be 
margin on either side. Spacing in the 
garden is a matter of choice, but about 
400 to 600 trees per acre is usual. After 


about 20 years the older unproductive 


edlings 


In arecanut has 
been undertaken either in India or else- 


Hoeing the garden, weeding, and 


necessary plantations 


where 


intercultivation are some of the more 


important operations attended to in south 
India 
No attempt has been made to deter- 


mine the manurial requirements of are- 
palms under controlled cultural 
conditions. In the Malnad region of 


Mysore, ten ewts. per acre of farmyard 


canut 


manure is applied vearly, and a mixture 
f ground nut eake is applied once in 
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three years. Ammonium sulphate, 


super- 


phosphate, and potassium sulphate have 


also been found to be beneficial Leaf 


and green 


manures are used frequently 
(153) 


Flowering. Under average condit 


1Oons 


the palm flowers in about the seventh 


vear, reaching its full bearing potential 


in about 10 to 15 vears Given the best 
conditions, the palms start to bear even 
in the fourth vear. In the different are- 
canut growing regions in India there are 


well-defined flowering seasons and cor- 


responding harvesting seasons 


fruits take about six to eight months to 
ripen In the younger stages they are 
green and at maturity gradually change 
Irom green to orange-vellow or scarlet 
red The economical life of the palm In 


India is considered to be 45 to 70 vears 


Harvest. The arecanuts are generally 
harvested when 


they are ripe and ar 


bright red; this, again, is a matter ol 
ChOoO1CE to suit the requirements ot thie 
particular market. Shedding of a few 


otner, 
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nuts ina bunch is a sufficient indication 
that it is ready tor harvest Because of 
the tall and slender nature of the palm, 
harvesting of arecanuts Is a process 
which ealls for considerable skill and 


dexterity, and often primitive methods 


are employed for the purpose. On the 
southwest coast of India there are spe- 
cial classes of people who can climb the 
palms at a fast rate. Not uncommonly, 
In closely planted gardens, the laborers 
nanage to swing trom the top ol one 
tree to another without coming down 
thus harvesting a number of trees at a 
stret In certain places 1 India and 
in Malava a long bamboo pole with a 


used for 


trained 


sharp sickle attached to it 1s 


harvesting purposes. The use of 
also a 
feature in Malaya (100, 101) 
Yield. 
two to three bunches per vear, each con- 


150 to 250 fruits (Fig 


monkeys lor harvest 1s common 


Keach tree on an averag 


e vields 


taining about QR | 


These figures vary easily one way or thi 


for they depend on numerous fac- 
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{ good bunch of arecanuts 


tors that operate jomntiv or separately rarecae (C 

In certain large types the vield may the “Noleroga” (fruit 

vary from 50 to 100 fruits per bunch, or areeanut palms. More than strains 
more commonly the small size of the pathogen are ! be para- 


palms zZ l possible 


nuts in a bunch is compensated by their tic on the 


arge number The vield of arecanuts in thi the disease was 1c lor a 
the different states of India on the basis long time, but in India 1 appeared 
of information supplhed by the Indian in an epidemie form only about 40 years 
Central Arecanut Committee is as fol igo in western peninsular Indi 


lows ilso been reported recently 
The havoe caused by 
Stat , 
judged by the 
Kerala 1.49400 
M vsore 73.109 T ‘Koler 4 | hee 
- 2 lie Vorerogn usu“ \ ippearrs TWO tO 
Assam 25.500 5 *. I 


reduces the vielqd to less 


West Bengal 5.500 three weeks after the onset of monsoon 


Bombay 5,000 ‘he fungus attacks the fruits when they 


Madras 3,000 still green. The spores germinate on 


; ¢ moist surface of the green 
Diseases and Pests a aol 
penetrate the tissues of the husk an 

Fungal Diseases. Like many other fruit stalk, thereby weakening the 
crop plants, arecanut also has its share tachment of the fruits resulting in their 
of fungal and insect pests, many of fall. Fallen fruit i felty white 


which have not been adequatels iInvestl- mvecehal mass on their surfaces which 
gated. Among the fungi responsible for soon covers the whole fruit. Alternate 


diseases the most Important is Phutoph- imm and damp spells AS We as close 
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tion 


i} 


ibsequently 
(30) 


sVinptom 


abdvout 


eh exude 
sequent rolowead by 


ICOlLOreqd 


isures (100) 


Crlobe 


attacks tl causing 
Drown spots aviopsis pa adora 
von Hon.. Vhich Causes neth 


it iW Is 


ting of the stem not uncommonly followed 
as inabe by exudation of colored sap (100) The 


] 


being Ganoderma Is ALSO reported to be 


attacked by 
Polyporus ost formis Berk... P. zonalis 
] 


Jerk. and Lenzites striata Swarts (82) 


Bud rot disease similar to that observed 


1! coconut oOo} palmyra pails nas also 
man (42) been found in areecanut palms. The dis- 
been ased trees Ww an Internal injury in the 
Venkatakrish- crown in the form of a longitudin 


ataravan (146) confined 


hose ot drought 


il eut 
to the ore eC] portion ol the 


no symptoms of outside injury 
a drooping or vellowing of thi inflorescences, as they are formed, 
infrequently followed ‘ 


| } 
ne subsequent ae- 


(103) 


« j 
mC 


l (18) 


iso KNOW) 
Physiological Diseases. 
ttl\ ki Ow! 


CH 
\lvsore Is 


(100, 101, 115) 
Ornis Burm 


feeding on |e Ves 


olreoptel 


nave Heel 


SCaulrre 


oresceneces (64) 


palms growing 1 f 
elements av cause damag 


Ol Iie 

(74) Is reason treatni 

affected palms with coppel sulphate j ‘) symptoms 

lime along with organic manure nea LOV he leaves shedding oft 

given encouraging results in the eontro tender and mature m Che endo- 
disease in Bombay 1 of such fs 
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black appearance and is soft to touch. 
The disease is due to infestation by dif- 
ferent mites; spraying the 
trees with wettable sulphur, “Folidol”, 
or lime and sulphur is advocated as an 


species ot 


immediate measure to check the disease 


(84). 
Processing 


The following discussion on the 


prep- 
market will 
be limited primarily to the procedures 


aration of arecanuts for the 


adopted in India, although certain dif- 
ferences in other countries will be pointed 
out 
Arecanuts ar India 
In some places, as 
West Coast, no cur- 


consumed il 
either raw or cured 
in Assam and in the 
ing or processing methods are in vogue, 
and ripe nuts are masticated during thi 
harvest season The surplus of the nuts 
in the 
in earthenwares for 


is stored in pits soil or in wate) 
a period of five to 
During the 
and 

South Kanara (Mysore), ripe nuts are 
collected, 

dried and 
Sometimes ripe are dried in the sun 
for six to seven weeks and marketed as 
such (Fig. 9) 


seven 


months off-season 


they are taken out chewed In 


dehusked or cut into two. 


marketed without = shells 


nuts 


In Indian markets thes 
“Chali” nuts In 


arecanuts are marketed 


known “as 
Malaya also the 


nuts are 
aiter similar treatment, the products be- 
ing known variously as “Pinang blah”, 
“Pinang 
“Pinang awak”, 


the nuts are 


kossi” or “Pinang salai” o1 
depending on whether 
dried, unsplit, or split o1 
whether they are 
dried When pe rfumed by the smoke of 
benzoin, they are “Pinang ukup” (101, 
28). Dried nuts in Malaya are mar- 
keted as “Pinang 


sun-dried or oven- 


“Pinang 
Ripe whole-dried nuts are 


bunga”’ or 


kasar” also 


exported from Ceylon under the name 


“Karunka” or “Kotta puwak” (97) 


Processing of the immature nuts is a 


costly and laborious operation and _ is 


undertaken on a commercial seal In 
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- 


Fic. 9 H dried 


sking of 


Malabar and Mysore 


lmiprove the 


Processing Is to 


color, taste, palatability, 
and keeping quality of the nuts. In 
Mysore 


processing methods are employed, the 


where traditionally the best 
fruits are collected when they are nearly 
three-fourths ripe. The selection of nuts 


of the correet stage of maturity is im- 


portant In so lar as any deviation on 
either side badly affects the quality of 
the product later For instance, if 
under-ripe nuts are used, the cured prod- 
uct is and shrunken 
nuts tend to be hard 

The nuts are 
mixture of and 
the previous year's extract called “Chog 


aru” 


said to he poor 


while ove r-rip 


and light-colored sliced 


then boiled in a watel 


for two to three hours in cauldrons 


A common substitute for “Chogaru” is 


prepared by pounding barks ol Syzyq- 
um jambolanum DC.. Pterocarpus san- 
talinus Linn 


al d Ficus 


: Ade nanthe ra pavonia Linn 


Linn with a few 


re lig Osa 


betel leaves and boiling them in water 
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a little lime, jaggery, and gingili oil are 
added to give a shine to the nuts. The 
correct stage at which boiling is to be 
discontinued is determined when the 
embryo drops out and the slices assume 
a concave appearance They are then 
removed and dried over mats. The de- 
coction obtained after the charge is re- 
moved is boiled to the correct consist- 
ency to obtain “Chogaru”’; this can be 
dried and preserved for use in subse- 
quent years (50, 100, 153) 

There are several variations in th 
method of processing and curing, viz., 
boiling in several changes of water, fin- 
ished in boiling milk, boiling the whol 
nut with or without the husk intaet in 
water and drying, or grinding the boiled 
kernels with spices and flattening them 
before boiling (50) These variations 
in the methods and in the state of ma- 
turity of the nuts collected for process- 

| 


ing have induced the production of dif- 


ferent grades of betel-nuts (61) some- 
tunes the nuts before export are boiled 
In Water containing lime and dried (144) 

In Malaya the tender nuts art proc- 
essed in two different wavs ‘Pinang 


asin’ is a preparation ol tender nuts 


packed in gunny bags and mixed wit 
salt Storage tor two to three months 
makes them ready lor use Sheed and 
dried tender nuts called “Pinang iris” 
“ure ilso prepared mn Malava lor eXpol 
(101) 

When properly cured and dmed, the 


nuts are dark brown with a glossy finis] 


Processed betel-nuts are aly ays market- 
able as iong Aas they are well eured and 
ure of sound keeping qualities. The 
Value of processing depends mainly on 
the selection of fruits of the eorrect st 
Ol maturity and strict adherence to t 


Intimate details of processing 
Chemistry of Arecanut 
The areeanut, as already stated, con- 
sists of two distinet parts, the husk and 


thi endosperm In view of the distine- 
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mture of 


re discussed 


¢ apparent 


VelyV fitt 


Husk. Thy 


inatomically 


outel 


MnnHermMost ston 


iriy 


bye low 


poser 
cells, 


CTOss 


| 
t 


} 
( 


lgnined 
ar bune 
it Do 


the out 


each gre 


section 


pict rmal 


sectior i husk showing 
r ! ad | rs ite 
the parts comprising the 
tT thel Clie Neal composi- 
separately, a ough it 
il ( UskK Is COM- 
C 1lNnVes i ed 
rt s le bers embedded 
thin parenchymatous tis- 
It iries thickness 
> em d can be divided 
nto t ( ones (1) thre 
iV covered wit ( 
C Tilda le iver While el 
- ( (3) ( ard na 
s iv¢ Dpresseqd O the 
I's qaqyoming the irad and 
rN iVel ire irae rrecu- 
groups of cells girdling the 
lies Of the USK (hard Il- 
roon Ol ( middle live! 
Cl epidermal lave Is COl- 
I] groups O1 ick-walled 
up representing a fiber in 
(sott fibers) No vascular 


334 


bundles seen In this portion of thre 
husk 


lhe first attempt to analyze the ely 


cal composition of arecanut husk was 
made In Investigations at the Imperia 
Institute, London (1922) These inves- 
tigations produced the following data 
(134) 
Analvs Are H 
Mi 10.1] 
\s} OS 
Cellu 
Lisl ed 12.6 
Cellulose ex sed 
! stl I nus 17.6 
According to Naray inamuyrti fanga- 
nathan, and Georg (106) and Har- 
charan Singh (66) th husk contains 


moisture, S.8: ether 0.933 : 


2.04: wate! 


soluble. il- 


cohol-benzens soluble. -Olll- 


ble, 17.13; lignin, 27.04: cellulose, 64.80 
pentosans, 23.43; and ash, 4.4 percent 
Distillation with acid gave 18.75 ol 
furfural 

Recently Barual Raghavai ind 


Murthy (15) have thrown furthe light 
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but the nature of this combination Is not 
determined. The husk is also reported 
to contain traces of tannins (8) 
Erfan Ali and Khundkar (52. 53. 54) 
ive inalvzed Chemically the lignin ob- 


tained from arecanut husk: nitration of 


the lignin gave three different fractions 
of nitrolignin of the minimal formula 
C;H-7O;N, C,3H,.OcN. and ( >HoapO oN 
Oxidation of the lignin with nitrie acid 
vielded 44% of oxalie acid 

Although it is diffeult to make critical 
studies on the nature of the different 
eell-wall constituents of the husk with 
the data at hand. the results so far ob- 
tamed have broug t to light some prrie 
nomena which may be of far-reaching 
Importance in any uture studies on 
irecanut husk. It is now apparent that 
the cell-wall subst inces Of thre husk CX- 
hibit a series of « anges associated with 
the degree of maturity, the cellulose and 
lignin attaining the maximum in the 
fully ripe husk. Generally, the mature 
tusks Contain [ess hemicelluloses than 


the Immature ones 


The « pide rmal and 


on the chemical composition of irecanut hypodermal cells of the husk also con- 
husk at various stages ol then develop- tain tive green chloroplastid pigments 
ment \ summary of their results is Which in the rly husk are changed to 
given in Table 2. From these investi-  carotin and xanthophyll giving the echar- 
gations, it Is Immediately apparent tha icteristic color to the fruit (15, 119) 
the principal constituents of the cell- The fibers of the husk are noted for 
wall materials of the husk are cellulos their short staple lengt The hard and 
lignin, and hemicellulos« The first two soft fibers vary greatly in their physical 
€Xist 1n combination is hgnocellu Ost appearance, the lorme! being more ro- 
rABLE 2 
CHANGES I " PROPORTION OF THE Husk ConstITUENTS DurING MATURATION 
Stages af ) ) 
. } . Protons ! Hemi Ihulose Cellulo Lignin 
2U0-d nter ils 
l 3.3 1.30 11.0 10.0 13.0 
2 3.5 1.40 16.0 14.0 15.0 
3 3.6 L.SO 145 3.5 16.0 
3.6 1.30 14.0 11.0 17.0 
5 5.6 1.30 14.0 10.0 19.1 
6 36 1.20 13.5 10.5 19.2 
7 36 1.20 12.5 41.0 20.0 
S 3.2 1.35 12.0 12.5 20.4 
9 3.0 1.50 950 16.0 218 
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bust and brittle than the soft fibers (Figs 


11 & 12). The soft fibers are of a woolly 
nature with a smooth feel. A number of 
tests have been made to establish the 


chemical nature of the fibers, and it has 


been found that they answer all the re- 


actions characteristic of lignocelluloses 


exactly in the samy Way as those of jute 


analysis vave the following: 


A sample 


soft fibers—cellulose 53.56! lignin, 
32.8% hard fibers—cellulose, 71.32% 
hgnin, 26.6% (119) 

Endosperm. The endosperm of areca- 


nuts is a rich source of alkaloids, tan- 


nins, fats, earbohvydrates, protein and 


non-protein nitrogen Che isolation of 


the alkaloids, whieh are reduced pyri- 


dine derivatives, can be credited lar; 


to Jahns (75, 76, 77, 78), although it was 
Bombelon who made the preliminary at- 
(67) In 1888 


succes ssful 


tempts Jahns (75) re- 


ported thre isolation ot two 


alkaloids, a volatile liquid alkaloid, 


arecoline (methy! ester of arecaime 


CsH, iA YN) which forms « ry stalline salts 


Surface view of the fibers 


} 


ic. 12. Surface view of woo!'enized fi 


(N-methyl 


lwo years 


ind arecaine or arecaidine 


derivative ot guvacine) 


ater, he added a third alkaloid, arecoli- 


dine or choline (methyl! ester Of arecal- 


dine) Phree other alkaloids like GUVa- 
cine (1:2: 5: 6-tetrahydropyridine-3- 


( irboxv lic acid), VUVACOLINGE (methyl 


and iso-guvacine iso- 


added 


of alkaloids of 


ester Of guvacine), 


lated by different workers were 


subsequently to the list 
irecanuts (23, 67, 144) 
number o 


From thie available 


reports 


on the alkaloid content of arecanuts, it 


seems reasonable to assume that the 


quantitv varies in fruits of different re- 


gions; it Is even said that seeds from 
considerable Varla- 
and alkaloid content For 


Kariyone and Fwa Tung (80) 


different palms show 
tion in taste 
Instance, 
alkaloid content of some 
Formosa and the South 
from 0.29 to 0.67% 
According to Ferguson (58) and Claus 
(41) the nut vields 0.35% of ether solu- 
ble alkaloids 
Quisumbing (117) has given the propor- 
different 


have given the 


Varieties trom 


Pacific as ranging 


calculated as arecoline 


tion of the alkaloids as are- 
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caine, 0.1%, arecoline, 0.07 to 0.1% and phlobatannin; they also yield phlobaph- 
others in traces Chemnitius (35) has enes and coloring matters when boiled 


given th vik ld of arecoline hydrobro- with dilute acids (73. 38. 157. 37. 154. 
mide in arecanuts as 0.35 to 0.40% In $1, 119) In their general properties the 
a sample investigated in Assam, Rag-  arecanut tannins closely resemble M7- 
havan (119) found only 0.15% of alka- mosa bark tannins Notwithstanding 
loids, arecoline forming from 58 to the fact that various reactions have been 
100% of it Arecoline thus appears to regarded as dependable because of their 
be the mayor alkaloidal principle oO! are- assumed conservatism and, there lore, 


ecanuts, generally varying irom 0.1 to used rather freely, the determination of 
0.5% (41, 144); it also appears to be thi the relationships of the different constit- 
first formed alkaloid \recoline is a col- uents that form the “tannins of areca- 


orless, oily liquid (B.P. 230°C.) and nut” must ultimately be based on thi 


lorms crystalline salts with acids preponderance ol their similarities be- 
The tannins of arecanut also seem to tween pure and isolated samples, rather 
have been subject to considerable inves- than upon the reactions given in groups 
tigation. During mastication of the nut, of compounds. Before valid confirma- 
astringency, which is so well known a tion can be given to the above conclu- 
property, may be due to the tannin- sions, a great deal more work should b 
alkaloid complex in the fruits, for the done on what one may term the “dy 
voung fruits are In many Ways different namics” of the individual constituents 
from the mature ones in taste Ishi- of the tannins of areeanut 
kawa (73) Was probably tiie Hirst to The endosperm of arecanut is alse 
draw attention to the tannin content ot ported to contain fats varving trom 1.3 
betel-nuts, the percentage of tannin in to 17.0% (149, 158, 113, 26). The fats 
terms of tannic acid being 18.038 percent igree im their general properties wit 
\ few vears later Kav and Bastow (81) those be longing to the butter tat or coco- 
determined the tannin content of an- nut oil group The Reichert-Meiss 
other samplk qd toune (11 erms ( wes Are ow 1h Comparison to that of 
XA116 c1d) to be 14.88 percent Subse- other ve ible olls and fats and closely 
quently the truit has attracted the it- resemble that Oot coconut ol Similarly 
tention of a number of workers as the saponification and iodine values ap 
promising possible soures of tanning proac the figures tor butter fats \ 
terial (70, 62, 7, 7 ete.) eharacteristie Teature Ol the irecanutl 
The characteristic reactions given by fats is their low unsaponifiable residuc 
e arecanut tannins are as follows viii vields sterols (sitosterol) (125 
“h Q]) 
R \ Phe « ( COmMponents oO Crit Tatty 
ki hi C1ds r iri (19.5% ) Mvristi 
1. Bromine w (46.2°°), and palmitie (12.7%) and i 
. “ " he insaturated portion oleie (6.20) 
41 2 “ inoleic (5.4%), and hexadecenoie acid 
5. Dilute is Pp i} Sie ’ ed (7.25 ) Mino) proportions of stearic 
6. Sulphu d ( sol ( decanoic, and of unsaturated monoethy- 
lenie Cys and Cy4 acids are also present 
The areecanut tannins ar predomin- The ehiet component glycendes are (1) 
entiv catechol tannins containing tannic 56% Ol fully saturated (trimyristin, 
acid, catechol (a-catechin), galhie acid, dimyristins and lauromyristopalmitin) ; 


protocatechulc acid, pyrocatechine and (2) 30° mono-unsaturated-dis: 


t 


ARECANUT 


(mainly hexadecenolauromyristin with rABLI 
some oleo- (linoleo)myristopalmitins ind CONSTITUENTS OF THE ENDOSPERM 
dimyristins); (3) 14° of diunsaturated- 


mono-saturated (oleolinoleoglycerides, Constituent Quantity 

mostly oleolinoleopalmitin ) The fully ‘ : 
: ; | : . lannins 11.4—26.0°% 

saturated glyceride content of the fat is Gal'otannic acid 18.03% 


53.7%. The fully saturated components Galhie acid 

: D-eatechol 3 gm. SOO gn 
CisHiuOy 

54.6% of myristic, 19.2% of palmitic, Phlobatannin 


are found to contain: 19.4° of laurie, 


and 6.8% of stearic acids. The propor- Alkaloids 0.15-0.67 


Arecoline 
\recaidine 


saturated components are similat h guvacin 


tions of the various acids in th 


ones in the saturated Isoguvacine 


Arecolidine 


corresponding 
tion ot the whole fat (113) 

In addition to the alkaloids, tannins 
and fats which have comparatively 
more investigated, the endosperm is also 

ed to contain carbohydrates, protein 
and non-protein nitrogen, gums, saponins 
and vitamin A (116, 119, 99, 2). The 
proportions of the different constituents 


ei , hosts po eS 
ol the endosperm are tabulated mn lable 


iborate studyv ol 


he constituents 


van (119) 


pieture Ol tl 


sperm, but 
certain biochemical! 
ts development 
inges 1n 
the endosperm seem 
most important. Perhaps no phenom- 
enol ybviously remarkable 


‘disappearance”™ 


tannins during the f tag f ripen partly adsorbed 


f arecanuts; a sudden decre l transtormed 11 


i@ tannin content trom 28%: in th ind In part used up un 
green fruit to 11% in the ripe fruit dur- — reserve ce!luloses (124) 
the course ot a Tew days is a remark- It wil bye realized 


able chemical Change Invariably asso- 
ciated with Maturity Ol arecanuts This mental and unsuspecte 
phenomenon Is universal in many tan- events leadi o the 


niferous fruits like banana, achr: 
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kOsperm show ul hcrease In amount 
Vith increasing n rity unt Iie 1whi- 
Cst Is reach n the lilv ripe rults 
The non-reducing sugars whieh do no 
occur to any considerable extent 1n ‘ 
voung trults show an increase at a rap 
pace in the mpe fruits The reducing 
sugars LisO CYISUE I ncreuse in ( 
a ults ( iture ults are oy 
( protell I ( rogt ota 
ilka Olds init - I COMparison Vi 
he young fruits. It is obvious th 
elucidation oO e re onship ot t 

! = and ¢ Hbohnvarates | Clie ir 
eanut endosperl \ hnaieate the modus 
operand) of the process o disappeal 
ince’ of eC tannins and wi have more 

n academic interest (119) 

Utilization 

Uses of Arecanut. Arecanut finds its 
chiel use as a mMasticatory Chewing ¢ 
the betel-nuts is a oOpular | ibit enjove 
by nearly one-ter of the human popu- 
lation suc! itilization of the fruit 
throughout the sout in middie e@Cas 
Asia developed since it Came into promi- 
hence centumes ago 

In recent) times owevel ere as 
been considerable eftor n India to ex- 
piore thie Mnaigenous VY materials O! 
industrial uses to keep pace wi thie 


country’s many-sided needs. Thi 


opment of the tanning industry ol the 
country has led to a great demand for 
Ost plants Vii ire the natural store- 
house of synthetic tannins. The impor- 
ince of the kernels « reen betel-nuts 
- 1 goo inning naceria has beer 
stressed by many. and some (8, 9, 137) 
ive indicated their possible utilizatior 
in tanning leather hide Whereas these 
works were responsible for b1 nging the 
ruit to the forefront as a tanning mate- 
ial. they did not ind idually or collee- 
tively create an atmosphere ol commer- 
cial utilization of this raw material 
Further work is in progress at the Cen- 
tral Leather Research Institute, Madras 


rs ot? i zs 2 
BOTANY 
to bring the conclusions to a more satis- 
factory leve SO that tanning of leathe! 
de by arecanutl innhins on an maus- 
rial scale may not be a long way off 
Phi pplication Of an extract Of areca- 
nuts tor dven by ick and red s ides is 
been in vogue in the Philippines fot 
some time (26) 
he betel-nut is also responsible for a 
number of medicinal uses. Of all the 
ouselho remedies lol ipeworm tf if 
f ect thy mges Of some of the pl rae 
copoelas and = standard textbooks on 
pharmaceutical botany, perhaps no other 
is as successtully withstood the test of 
ne until recently as arecanut \p- 
rails ol thet erapeutie value ol areca- 
nuts varies to the extremes At the 
eight Of its exploitation as a drug, vari- 


ous Magie effects of therapeutic interest 
ere ascribed to the nuts, whieh today 
seem to be preposterous and ridiculous 
The introduction of synthetic drugs has 
COnsSI1CE Oly aepresseqd tiie Value ol 
betel-nuts i e indigenous medica 
world, but the following discussion wil 
1ocus the esteem mn w ( thie ruits were 
heid not tong ago 

In the Yunani system of India. the 
betel-nut is considered as digestive, as- 
ringent, and emmenagogue It is recom- 
mended Aas a Card1at ind nervine tone 
ind is used as an astringent lotion for 
he eves. In Ayurveda the unripe fruits 
ire considered as cooling, laxative, an 
CArMNAtlve aried nuts Are sald to 
sweeten the breath, strengthen the gums 
remove bad taste, and produce a stimu- 
il had exhilarant erect on the svstem 
lmproving appetite and iste The use 
ol betel-nuts is recommended in calcu- 
lous and urinary disorders and as an 
ipl rodisiace im the tori of a decoction 
with other aromatie and stimulant sub- 
stances The nut also finds its use as an 
external application to uleers, for bleed- 
Ing gums, and for urinary discharges in 


women 


Burned and powdered, the nut 


It 


is used as a dentifrices is useful for 


checking heartburn in regnancy lo! 
blood in urine, and, boiled and com- 
pounded with red betel and spices, as 
Pentie stimulant An extrac ol areca- 
nuts significantly mmpaired phagocytosis 
nowtro in human beings, while no effect 
vas noticed in guinea pig leucoeytes (32 
85, 51, 24, 25) 

From Cambodia ive come some re 
Oorts of the Ise OL UNI. uts against 
diarrhea, dysentery ind «as ixatlve 
In China a decoction of the boiled nuts Is 
used as a medicine in Visceral aflections 
Doses of the powdered nut ive been re 
ported to give satisiactory results in the 
relaxed condition Of the bowels (32) 

The reputation of arecanuts as al 
ntheimiuntie and eri uge is quite we 
known. It is said to be efte e agains 


/ mmobricus, Tae a iy 7 saqinata 
Hiumenole pis 


buski (36, 4, 139, 72, 56, 57, 155). Are 
ecanut has also been used Tor similar pul 
poses in vetermary practice in poultry 
nd dogs t = snld to be Isc] TLLTXE 
vith 1ood as a preventive agains tial 
rhea in horses (238, 32) In spite of its 
ong use “as a vermiluge, the actiol it- 
tributed to arecanuts o1 Apeworms 
nematodes, and flukes is now considered 
doubtful (46, 55) Its use as an anti 
aote to snake-polsol previousiy recon 
mended (95), has been disproved (33) 
The medicina properties oO irecanuts 
ire aseribed to the presence OL the alka- 
old Complex in the truits \recoline 1s 


to pilo¢ irpune Its central stimulant ac 

tion is more powerlul than that Of pilo- 
carpine, and with large doses paralysis 
may ensue \recoline increases th 
tonus and reflex movements of the mus- 


cles, eh fly those ot the ilimentary 


canal It also causes constriction of the 
pupil and slowing down of the heart-beat 


rate, besides being a powertu sialogogue 
\recoline hydrobromide is recognized by 
some of the continental pharmacopor las 


llv for 


s given hypodermica 


and eatarrh 
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In OrseCs | =(] Cs i> Cniclae ill- 
thelmintie, and diuretie (32, 23, 67, 26 
27, 153) 

Vegeta e pa 1 the pall ( iis0 
been considered tor a@ number of min 
meqieimMa ind oO Cl Ines li lt trie 
roots aqaecoction serve ~ 1 cure oO! 
SOTe ps, the buds = al port e1el I 
early, pregnancy in Malaya and as a 
cure for lumbago The bark is usetu 
or cholene atte ons al oO flatulent 
dropsical, and obstructive s@ASeS the 

estlive =Vatt Voung ) rk 


ron the tree is reportes 0 ri I " 
ebriati lozenge In Cambo thre 
ithe LuUnaIce wma ( eaves or cou 

nd bronehitis H -rotted husks are 
used hy ( ( Ines I \Malay is ll 
lysentery In the P nes the buds 
of the palm (moisture, 91.48 - 1.23 


C'aQ). 0.08. iron as FeoO 


eatel is Salad (32, 6 117 28, 27) 

An untortunate phase the evelop- 
ment Of the irecanu maustry SS 
relating oO the poronous and Oli ln- 
desirabie effects n man beings wma 
ivestock whi it times become etha 
( ewing ot the nuts Wu excess = s t 
e rise to emporary giaamess, 2 - 
ng, and strong intestinal irritations, 10 
owed by loose motions na iV evel 
en Oo bueca eareinon LINE \ 
opium the nut is administer Nia ivi 
< A polsol In the indigenous ( 
system the unripe nut Is dest ed as 
pungent and saitish ana ¢ Ising Dilllous- 
ness and irm to the eyesight Ama 


chewing usually experiences 


i disagreeable combination of symptoms 
neludau constriction of the oesophagus 
sensation of heat in the head, read ana 
congested Tact and dizziness The a 
kaloid irecoling Is sala to bdeé lg ly 


toxic, its symptoms resembling 
(musearine) (8 


A similar 


is experienced while. e: 


lungus 
12, 85, 26, 96, 107 


poisoning 
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Arecanuts are supposed to prevent the 
decay of teeth, but its continued us¢ 
blackens them (153). 

Uses of By-Products. The most 1m- 
portant by-product of the betel-nut in- 
dustry is the husk. It is estimated that 
in India at least 5,000 tons of husk may 
be available per annum. The possibility 
itilizing the husk for industrial pur- 
vanes il 


1as been an integral part of the 


previous investigations on thls mater 
Although investigations carned out at 
he Imperial Institute, London, indi- 
eated the undesirability of utilizing this 
material for paper making, work under- 
taken later in India showed that boards 


of fine quality and insulating wool car 


be made ot the husk Boards, especia \ 
hose pre ired trom tiie husk DV thie id- 
tion certaim sizing materials | { 
shown high keeping qualities and nls 
~ ia bl . ] . } l tmyr t} ry? 
(15) Phe nNusk Can be used IO ( ro- 


luction of furfural (vield 13.40% ), the 


res1aut ie It aitel luriural distillation 

being considered as sultable filler 101 

) ~ Cs (66, 10 ») | i We! = Ol ( 

roaut on oOo if or ( hor ron ( 
usk ive also given encoura ! results 

(1, 39, 40) Phe ash of the burne isk 
= DeCCI ong us Vl: Va as a adel 

ce (28) 

\Ian l ( { SUT \ ClCs ) 
iifferent parts ol the ) mn) = }OoOn he 
ACCOMIDLSNead ] { 8) ea | Be ilis¢ 

( i1raness ( nuts ( s ( ( rt 
Isc ( Han gy Hultol | C SUCH S 
een ust 0 nexpensive posts, 1 ers 

enalls « ns ) irs rf) s seaftold 

v \\ er { Tit Specen indies bows 
VaiIniIng SULICKS ina url ire Li i 
STi > I =}) Ss are how Sed hn cel 

n p s as subs ite for plar 
, Cs or ¢ = na Ss or buckets 

shes il vrappers ‘| ere = OadAY il 

cre =1ng Is Tie { es 1n vcs 
0 ( i MITpoOses | e centra ? ) 
( r es 1s so strong t i Whel ry 
il expal OrTrms il exc ent 
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Saccharomyces cerevisiae 


be used as a fermentation stimulant 


industrial aleohol production 
ditional Indian practice 


the flowers 


{ 


nf the 
ceremonial occasions (51, 79, 100, 44, 26, 


27. 150, 47, 65) 


arecanut 


Conclusions 


In India th 


} 
eoraded as much 


e arecanut has not been 


attention 


Chis is presumabl 


vy because of the 


] 


the leaves can 


In 


The tra- 
has been to use 


palm on 


as it deserves 


ized nature of the crop and the unnotice- 


able pact 


ol 


vent ral economy 


rratifying to 


agustry has made 


cent years, ¢ 


note, 


Ol the Industry 


MaMLy on 


ol 


commodity ol 


the country 


noweve 


rt. 


! 


tl 


l 


it 


nh- 


ereat strides during re- 


growers 


hh 


production 


India 


ly in improving 


ill Unie xplore d 


\ 


thie 


and in initiat- 


e eventual success 


Willi depend 


CONSUME! 


mand wa prices ecelved lol i¢ 
produ 
Ku re VOrK I ‘ pro emel oO 
irecanu shou ursue thie following 
broad objectives (20, 34, 100, 102, 112) 
l Obtaining gher vields throug! 
=<vsten tic cu l operations (on the 
Is O re ! vy results, it now 
sCeClis en ely SS] DLE t ecanuts 
Ca Ty roadues ener rate rou 
roy cuitura qd manuria re ods 
lo ( ite 0 Ix Wl meal 
\ re SOnADILE emunerat I pro 
it on ol yantatiol seaie shouid be 
rot Livi¢ ll ert K1INY 
2. Obtainn gh-vielding, disease 
esistal ineties throug breeding 
The segregation of the progeny due te 
inknow! mate ) ( Secs Om ty i}) 
rel ne eretore nheritancs ra 
CCONnOTHIIE eho iclers hie =( -hy AVIOT 
controlled CTOsSSsCs il¢ oO re ~ wiwed 
It can be said that, tf<stability in areca 
nut growing oO i plantation scale Is 
a reached many new Varieties Wi 
ive to he ae eloped and tested in ord 
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to evolve varieties suited to particulal ‘ Areca cultivation neat Phirthahalhi 
Shimoga district Areca. Bull. 6: 3-5 
1955-56 

Badhwar, R. L., and | 


puted ibortitament 


areas and particular characters 

3. Describing and enumerating varie- 
ties of arecanuts in India and elsewhere 
to assist in a program of acclimatization Indian Jour. Agric 
and introduction of indigenous or exotic 1946 
varieties under particular conditions \. C. Dey and M 


The vegetable tanning 


: India Indian Fo Le 
monly occurring diseases and pests and 1944 


4 Studying the biology of the com- 


finding effective and economic measures Basna | Dinsibte ut 


to check them om the kernels 
5. Making technological studies on the Rev. Filipinia Med 
parts of the palm to evolve effective 1941 
] I innin trom 
betel nuts Phih 
many new and stable industrial uses for 3.367. 1941 


uses Aside from those already listed, 


the by-products of arecanuts should br Bailev. L. H. A Manu 
found. This lack of spectacular phases Plants. New York, 1949 
has been one of the factors that has rele- Phe Standard Cy: 
eulture New York 
Balendra, W Effects of betel chewing on 


aches the dental and oral tissues and its pos- 
Che impact of western civilization and ey 


gated arecanuts to the level of a mere 
“masticatory”. 


relation to buceal carcinoma. Brit 
the resultant ferment in Indian customs Dental Jour. 87: S°?-S7 1949 
and habits seem to have drastically al- 5) Jaruah, H. K., and V. Raghavan Analy- 


em t ’ fly } y TY Tee ‘ 
fected the arecanut industry The fu- se 2 purnceveame Pecos t and 


sterility in arecanut Aree tec 
. i Linn In Maheshwari P Ed 
Chewing of arecanuts is now being ee fo 


ture of the industry is not assured 


- Developments in Plant Physi- 
looked upon with disfavor The many o'ogy”, Univ. of i, LIS-117. 1957 


magic effects attributed to betel-nuts in und factors influence 


therapy are still to be scientifically aru t and sterility in arecanut 
. "ty Linn.) nfluence of 
tested. Such endeavor is clearly of the — Infh 
on ra origmating trom tung, t 
greatest interest, In view oO! the urgent 


actinomyveetes on the normal course 
need to save the industry from what pollination and fertilization Jou 
seems to be a crisis. If it is possible to Indian Bot. So« 
develop arecanuts in the lines indicated ‘ ind 
at a rapid pace, the industry may sur- ne ~cocangeee gpa imge 

‘ products of arecanut Lree 
Vive Linn Part I B:ochemistt 
usk Jour. Sci. Indust 
89-95. 1957 

vapp KK. V. A 

Abdul Latif and M. H. Khundkar t ul 1 ra 
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The Role of Natural Hybridization in the 
Derivation of Cultivated Tomatoes of 
Western South America 


Although the garden tomato is very highly self-polli- 
nated in most regions of cultivation, it is cross-pollinated 
at much higher rates in the range of its wild relatives 


Ecuador, Peru, and northern Chile. Cohabitation of 
garden tomatoes and an intercompatible species in this 
region permits extensive gene exchange between them. 
These factors lead to a high level of variability and pro- 
mote rapid evolution of new torms. 
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from Piura, Peru (117-5 Pearson, See legend of Figs ind 2 for explanation. 
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tvpe appeared in their progenies 


ve resulted trom outcrossing 


Vere itl l OMOZVE 


spective 
I 


reasol 
1rorh) segre 

hetey ool ‘ondit nwa lery | 
neterozZvgous CONAIMIION Was aerlved 


hybridizations in preceding 


rener: 


Traits of Lycopersicon pimpinellifolium 
Appearing in Cultivated Tomatoes 


going sections 
imong cultiv: 
Sout! America 
dorian | 

West cent 


iat / 


occurs abundant 
, 


p p hie 
l 
vated fiel It 


MANY 


ay ech ademonst 


times by 


. | ; } 
workers tha t is 


species Is) completel cross-compatible 


with the garden tomato, and 


hybrid Ol such Crosses 


env are likewise completely 


is not surprising, t] 


eretore, 


would hybridize spontaneously and that 


consequently aits of the wild parent 


would eventually turn up in native forms 
of the cultivated 


tomato For this intro- 


gression there is a plet! i ot evidence 
Some indications of 
from L 


tun ls 


pimp netlit 
contained in 
sented Fo 


eight 


example, 
progentes listed ; 


Hf 


gate or are completely fixed fon 


HH, whic] Is ¢h 


eurrant 


modifying gene, iractel 


istic of the tomato and 


tically unknown in tomatoes from othe 
the When 


dominant 


regions ot world homozv- 


gous, this incompletely gen 


eliminates the large trichomes, leaving 


only the smaller simple and glandular 
hairs In the region sampled, this trait 


appears Tar mor frequently within 


HYBRIDIZATION IN CUI 


rIVATED 


rOMATOES 


Coes not 
icrescendo 


apparent V all 


Omatoes 


exception 
CenOoLly }>¢ 


Was lound 


on ; 
progenies Of 66 afl 
wious parts Of this 


‘tions trom 


)) | 


ile 


presumal 


pi pire 


ution Ol 
slgnifi- 


itions 1n regio! 


ind is searee or absent outside range 
the wild species 

he same relationsh 
anothet gene, curl 


Which is most remarkabl 


bution expression 


Andrus at 


_ , . 
getable Breeding 


ered by I 
gional Ve 
Charleston, 
cession, PI 
Nicaragu: 

studied by 
W) n tl 


vironmental 


South Carolina 


196,297 from | Reereo, 
and its inheritance as later 
(1956) 


and en- 


Rick and Butler 


ls gene is homozygous 


conditions are favorable for 


it 


expression, leaves are st dis- 


Ve rely 
“as ll 
») Associated 


afflicted by a virus disease 


with the greatly 


duced leaf blade area is a peculiar, ir- 


cular, fine striation of color 


In maximum expression flowers are dras- 


whitish 


ly reduced and infertil 


to demons’ rate the eritieal range of en- 


vironmental condi_ions for em expression 


o be made. but stocks have 


[ 


NATURAL HYBRIDIZATION ATED TOMATOES 


(1.A292) previously deseribed 


1956) from thr 


an littoral : t crosses 
between the original soures 


sentative colle etions 


forms (L pimpine llifol 


S60) ECONOMIE 
tropical conditions mut W t this ad il 
ve } olyt bye OUIG s¢ eelry be guessed 
wit ts morphologica express1on 1s 
completely masked by the environment 
Whatever the solution to this mystery 
tlhe presence Ol cn 1! most observed 
CUTTS ar tomatoes of co Ie Undo 
nad ll =O ( CCCSS1IONS OT L Dim pire 
h¢ i” rom the same regio na = ab 
sence i i othe! CCeCsslIONS OF CUITIN Cr 
oO! Wild ton toes except tiie orig 
SOUTCE ron Nit iacua IO1n tO #8 Ccom-e- 
mon souree tor this gene As in thie 
foregoing instance of HH, cm likely orig- 
nated n L pimping / ” ind Vas 
ransterred to cultivated tomatoes by 
l ( ress1on | € pOsslbllity of the re- 
erse gene flov ron cult ited tO W a 
iorms cannot be ruled out wit ivallabl 


\\ wehever thre qairection 


eles argues fot 


unique characte 


reduction of odo! 


tested Irom this 


are characterized by this odoriless- 


ported 


Was re} 


condition 
Crt iped Cul 
292 of the 
1956) 


s10N Of lollage odor is accompanied by a 


reduction in the size of glandular hairs 
ind it appears likely that the former is 
a consequence of the itte! Althoug! 
definitive inheritance studies have not 
vet been made, it appears from prelim- 
inary tests that odorlessness is dominant 


and simply inherited 


\ relationship between the cultivated 


and wild tomatoes of coastal Ecuador 
cannot vet be established for odorless- 
ness since all wild accessions obs¢ rved to 
aqate are strongly endowed with typical 


Pp ” p ne llifoliun foliage odo} Eve n 
though a wild source of this trait has not 
vet been established, it is still possible 
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oc ( racter in question originated 
On Voriadization between thr two spe 
C1Cs Pha Oss OL odor could have orig 
l ed Trot Vb idiz t110n 11 odor were 
dete ned by genes at different loci in 
the two species. The marked differences 
Nn quahntyv Of pungeney between thre vo 
haiwcates different renetic determina- 
Mon although not necessarily at different 
Of In xperlments Wi mother sp 
cies hybrid—that of L. esculentum «1 
peruvianum (L.) Mill, which diff 
markedly In Odo! | ive Tound Aa sma 
proportion oO} segregants 1 it entirely 
ick Odo! t is theretore conceivable 
that odo! Cssness in Lhes¢ Cuitivated 
forms might ive been derived rom 
vbridization with L. p mpinellifoliun 

\ consideration of tomato tollage pun- 
geney in collections trom northern Peru 

nother highly eritical area provides 

ore conerete evidence Ol introgression 
\imone colleetions listed In Table .s 
hone s odoriess or segregates tor t it 
( iactel but <evera Ol thy “uUCCeCSSIONS 
from Piura and Chielayo (115-1 and 
117-3) have the unmistakable oaor Ol 
/ p mipine ” 

The evidence o Introgression oO odor 
tron ] pimpine 1o iy Is greatly r 
Inforeced by observations of many other 
vegetative characters in the same acces- 
s1Ons The following pimpinellifolium 
traits, whi ao not appear in other cul- 
tivated tomatoes, either segregate or are 
( iracteristic Of every plant In aecces- 
s10ns trom northern Peru smatiel less 
dissected leaves broader leat scgments; 
iwhter, vellow-green fohage color ind 


tendency of the plant to branch 
ellect Of variation 1n all of t 
a striking change in the en- 


tiie 


} ]s 
rs ] 


tire appearance ot the plant In airec- 


wild species, which is oby 1OUS 


ven at a considerabl 


distances 
Finally, 


shape provide 


Variations in fruit size and 


additional evidence of the 


presence of p mpinell folrum germ plast j 


ROLE OF NATURAL 


in these cultivated tomatoes 


ation Was presented in ‘] i pre- 


hybridity, 


ecding section as testimony ol 
but. 


the lhght of other characters, 1t 


In 
is difficult to 


AVO1Gd conclusion 


bn 


p mpinell follwwdwn \ 


tween large-truites 


hv bridization 


tiv: and L 


Le {epresen 
of Punad, Ecuador 1 fru 
No. ; iS al 


largest fruit proxim 


in the field 


sponsible for this remarkable range of 
variation The pattern otf variation pre- 


) 


and 2, for example, is 


the 


sented in Figs. 1 


almost as large as that observed 


F. ol a two 
It is the 
plants might have actually been F, hy- 
brids. to 


In 


cross between the species 


not unreasonable that parent 


Another example, pertinent 


HYBRIDIZATION 


] ] ; ) 
irge lsian f Puna in the 


( 


IN CULTIVATED TOMATOES 


his situation, Is a 


series oO] 
neountered l ‘ultivat I a on 
(sollte 


ruavyaquil, Ecuador. In this single 


Was virtually a complete ra 


Here 


ition n irult siz meciuadl 


ind non-lasciat 


typical large ecriollo tomatoes of the 


region to others almost as small as 
native L 
ative sample of fruits from this field is 


the subject of F 


pimpine llifolium \ represent- 


mW? 
it ‘ 


In this example 
again, the implication of L 
is overwhelming 
mous range of variability in fruits cer- 


pimpine lli- 


folrum Such an enor- 
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tainly cannot be desired by the growers, 
cde - 


if not ofl 


who are well aware of the market 


mands for large-sized fruits, 


. ' 4 ] 
shape and surlace configuration to please 


U.S - tastes This section can be con- 


cluded by stating that hybridization be- 


tween the two species offers the simplest 


and most reasonable explat ation for the 


j 
variations otf local esculentum vanieties 


and locule number and in 


In Iruit size 


many attributes of leaves, including the 


monogenic characte rs H and em 
Variations in L. pimpinellifolium 
The 

I pin pinellifol um 


appearance of so many traits of 


in cultivated toma- 
toes of Ecuador and northern Peru nat- 


urally as to the re- 


there 


raises the questio1 
ciprocal relationship: is evidences 
of introgression of esculentum traits into 
’ No 
systematically to grow and study 
in detail all available 
latter species 


L pinipine llifolium 


made 


attempt Was 


accessions of thi 
The 1ew observations re- 
ported here were gleaned incidentally to 
studies and ar 
tended 


morphological variation in that species 


othe therefore not pre- 


to be an extensive survey of 


As seen in their native habitat and in 


our cultures of single-plant progenies, 
most accessions of L pimpinellifolium 
show remarkably little variation and 


econtorm to descriptions of the species 
All forms that have been tested are self- 
compatible, and the majority of progeny 
doubtless result from automatic self-pol- 


lination. Nevertheless, some collections 


have been found to show exceptional 
traits and in some Instances segregate 
for them. Particularly noteworthy is a 
collection (LA114) found in an aban- 
doned field near Pacasmayo, a seaport 
on the north coast of Peru In some 


of the pedigree progenies trom this col- 
lection, segregation was observed for H’. 
the presence of large epidermal tri- 
and y, the 


Neither of 
teristic of L 


colorless skin condi- 
these 


chomes, 
tion is charac- 


both 


traits 
pimpinell fol um, vet 
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are common in esculentum varieties of 


this general region An unusual amount 


also obse rved 


Ol variation Was lor Size 
ind shape of leaf and other vegetative 
characters Pubescence of the esculen- 
tum type has also been seen in collee- 


tions oOo} i] pimpinellifolium taken near 
Chiclayo, Peru; furthermore, s« 


} 


gregation 


for the same character and also for fruit 


size was seen in LA376, a collection mad 


at Hacienda Chiclin in the Chicama val- 
ley north of Trujillo, Peru 
In spite of my rather limited experi- 


ence with the currant tomato, it has been 


sufficient to reveal extensive Variation 


between populations and gation 


seore 


within populations for traits that are 


otherwise associated with L esculentun 


Again, introgression offers the log- 


most 


ical explanation for this association of 


morphological characters 


DIS¢ ‘USSION 


Relationships Between L. esculentum 
and L. pimpinellifolium 
Evidence has been pre sented of fre- 


quent hybridization in the reproduction 
of cultivated tomatoes of western South 


Ameriea L 


abundantly as a weed in cultivated fields 


pimpinellifolium occurs 


of the northern part ol the range studied. 
The experiments of several workers 
Rick Butler, 1956) 
veal no barrier to gene exchange between 


(re- 


viewed by and re- 


these two entities Ample opportunity 
therefore exists for hybridization be- 
tween the two. The presence of pimpi- 


nellifolium genes has been demonstrated 
in L 


gression 


esculentum and vice Intro- 
the 
of this pattern of gene distribution 

This 
blending of characters of L 


and L 


tion of the 


versa 
offers likeliest explanation 


introgression and consequent 
esculentum 
pimpinellifolium raises the ques- 
taxonomic status of these two 
\s 


rier Ol any consequence exists to prevent 


Not only 


entities mentioned before no bar- 


gen exchange between them 
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do the chromosomes of the 2N F, hybrid 
pair without any irregularity, but also 
when they can “choose” between pairing 
with homologues of the same parent oO! 
with those of the other parent, as in 4N 
hybrids, pairing occurs at random (Lind- 
1933) 


Turning to morphological comparisons 


strom and Humphrey, 


it must be recognized that the diftterence 
in form between the two entities be- 


eomes extrem il one 


Unnecessary 


adopts the natural but misleading as- 


sumption that lama horticultural \ 


rieties should be taken as the species 
concept ol / escul ntun Fruits ay 
such varieties are literally hundreds of 
times larger, and other organs are iK¢ 


wire larger than those of L prmpinel 
although in smaller proportion 
The only vahd comparison that can be 
drawn is with the wild form of L. escu 
lentum, var. cerasiforme The contras 
In s1Ze Of Organs Witl the latter is very 
much less, its fruits being roughly 

again or twice as large in diameter o1 
three to eight times as 
those of L 
vergence in fruit size and a difference in 


arge in volume as 


pimp nellifolrum This di- 


shape of corolla lobes ‘onstitute the kev 
characters for separating the 
(Muller, 1940) 


If it ean be demonstrated that in the 


Sy C1es 


hative region these morphological eTril- 


teria break down, little support remains 
for recognizing them as separate species 
Introgression results in the obliteration 
of truit size differences in what would 
otherwise be eonsidered y esculentum 
according to progeny tests (Figs. 1 and 
7) and to observations ol original col- 
lections of what are arbitrarily ealled / 
p mprnellifolium The corolla lobe CTl- 
terlon—a tenuous difference at best 


] 


likewise intergrades in this material 


Naturally occurring forms thus provide 


A continuous seT1es ol morphological 
eradation bye tween the two entities 
Objections might be raised to the 


above comparisons on the grounds that 


the eftiects of 


being 


introgression are 

1; split ted material and at 

mensured in cultivated material and tha 
; 

history of land utilization by 

man in this region has produced an arti- 


heal situation favoring interspecine hy- 
bridization suc ob ections cannot he 
disproved with present evidenes Wi 


qaemonstrating what 


ive no means Ol 


at genotypes ot native tor itoes might 
have been like in this region 4,000 vears 
vO It 1s doubtful. owe ( Vhnethnel 
the msec pollen vectors were ess abun- 
dant then Lo! the CONTINUOUS eENISTeENCE 
ere ( tire sell-inecomp rie reen- 
ted Sper es depended upo Cll iC- 
tivity. It is not likely that large-fruited 
L. esculentum existed ( (Jenkins, 


1948), but var. cerasiforme 1s presum- 


ihly native From the standpoint of 


t 


distances, i@ Opportunities tor hvbridi- 
zation should have been even greater 
t in at present, Io! Without irrigation 
Ol the coast: plains, mesophytie vege- 
tatiol would have been Col fined to the 


mostly very narrow coastal river vallevs 
of northern and central Peru, 


conditions probably favored wider dis- 


persal in coastal Ecuador as at present 
According to. these speculations, the 
orn environment probably also fav- 
ored Irequent cross-pollination 

This evidence casts doubt upon the 


pine hi on as two species Tre itment 
OL the latte. as a subspecies or variety 


of L. esculentum might be more in keep- 


Relationships With Other Species 


rhis survey has presented evidence for 
the contention that gene exchange occurs 
between L. esculentum and L. pimpi- 
nellifolium, sublimating in extensive re- 
ciprocal introgression OT traits nto hot} 
entities Jut the zone of cultivated to- 
matoes also ove rlaps th ranges of three 
additional tomato species: (1) L. hirsu- 
tum t. glabratum C. H. Mull. in Eeua- 


dor, (2) L. peruvianum (L.) Mill. in 
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coastal Py ind northern Chile, and present and other (Rick, 1950) evidence: 
(3) ] chilense Dun In sou erl Peru But is in the case ol ] / Sufun colM- 
d northern Chile The opportunity parisons tail to revea v morphologica 
or Cross-pollnatiol \ ce in ot thes Inhuene 0 one species Wo! eo ! 
species is probably as great as that wit The presence of /7 in progenies of / 
L. pimpinellifolium. All of these wild esculentum from southern Peru (131-9b 
orms e natu vy green-fruited and ind 303) might be construed as an ex- 
cditie otherwist ro} L. esculentw i 1 eeption to this stateme! lor the large 
rue PreATE iy OL characters I ichomes are likewise absent in L. pe 
COCs ] Dili pirre j | V4 l ; i na / cl Crise | ( DOss 
\ ed | (| er generations oO Vb by tv « COASTWISC CXC inge oO on ( 
hye Ve ( ( #) These species / =“CCUS Oo mtroaucee HH] by nes oO 
eS é / l y] s exper ( ( p p ( } } orig. om the const o 
~ ( ( specres-cdilte l CCl i nd northner Pe l oweve Cul 
( = segregate o1 hewilade ot be excluded Pha yen! inefter 
s( ( i subsequel ! ogvression takes ivenes 0 Crt two species oO hvb 
yauce n\ res pie ext t shou CLIZé V1 Cu ited on oes, despite 
iy re et morpnoiover \ e great opportunity tor Cross-po | 
] Ext enti ( I ry re ql Vb lO} Mus be explamed hy the extrenu 
qizer Wit / / sutun ( atum il barrier to normal seed formation in suc 
e former serves as female parent (Maec-  hvbridizations (MacArthur and Chias 
Arthur and Chiasson, 1947; Sawant son 1947 Rick and Lamm, 1955) 
1958) This wild species occurs withn Sterile culture is required to tide most 
thy C2101 oO eultivation ¢ ] exscule? embrvos over thre ite stages ot a CLO} 
ruin 1! coast Keuador but not so ment is a result of madequaev ot t 
ibundantly as L. pimpinellifoliun I endosperm. Even with this arufieial aid 


my cursory travels in this region | found the yield of viable seedlings in 
flowers pollinated is remark- 


the two species cohabiting in onlv one numbers oO 
location. but encountered at least 8 in- ably low Also, even if F, hybrids 
cohabitation of L. esculentun could become established in nature, they 


stances Ol 
If the extent of . would suffer a grea 


and L pimp nellifoliun t re productive disad- 
morphological Variation ol L. esculentun Vantage because their seed fe rtilitv is 
in the region of sympatry with L. hirsu- only 10% or less of that of the parent 


tum {. glabratum is compared with that species 

of the allopatric region, no trait in the Thus within the limits of my field ex- 
svmpatrie range could be safely con- perience and studies of pedigree prog- 
strued as introgressive trom the latte! enles, no certain evidence of gene e@X- 


change has been revealed be tween L es- 


species 
culentum and the green-fruited species 


! 
Turni 
tions Witl L pe wianum and ] ch ense 


now to sympatric distribu- 
The same conclusions apply to my search 


we find a greater opportunity for cross- for evidence of exchange between them 
and L. pompimellifolum, although my ex- 


pollination. In many regions throughout 

the coast of Peru and northern Cl ile I perience with the latter species has been 
nave seen plants of these species ac- restricted to much less material 

tually intermingling branches with those 

of cultivated tomatoes. The existenc: Origin of the Cultivated Races 

of insect pollen vectors and their ef- Although the present work reveals the 


lectiveness 1n cross-pollinating tomato lWnportance = ol hybridization with L 


species has been well demonstrated bv 


pimpinellifolium in the origin of culti- 
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western Soul 
problem 


matoes 1 


been 


VeCNnCTi $ propiem 


approached Jenkins (1948) 


! weighing available istori 


ethnological, botanical, and genetic ¢ 


( concludes thi ithoug! 

il born (prob 
very hkely o 

Kecuador area, it ad trom 


Av X1CO, 


WMproy 


I 


southern lirst don 


probably TOOK 


COUTTS Ol 


During the 


es [ | 


id frequent opportunity 
haecologica 

Hearmg on 

OmMmatoes 


Cons itl \ compete! 


| eCNnCoul 


Poma 


ison to Assubie 


C,uamal 


hi Irom @Xisti 
Archac ologi ally, 


aespite Lie 1h) 


t 


representations of potatoes, maize, 


peanuts. cucurbits 


s, apparently no unequivocal imag 


] 


been discovered 1n 


tomatoes have 
etions 

1 other arti 

gard to contemporary eulti 


Americ 


admittedly 


tomatoes of western Sout 


range of variation is 


mous They probably constitu 


most croup of races to be 
anywhere hye world 

was made In the ata prest nted 

races, il- 


characterize all the different 


though the samples presented vive some 
insight 4 


into the Variation in 


Not 


do the races differ greatly between areas 


nature 


certain parts of this region only 


but also, the genes in certain races, 


HYBRIDIZATION 


TIVATED TOMATOES 


roduell 


ry? | 
prod 


} { 
iced 


coneelva- 


| 


troauction 
200 vears of 3 ral im- 


iltivated itoes l 
av, one with large multilocular 
and another with ay haped fruits like 


Marzano 


reproduction ineludin 


var. San mode of 


Y introgression wit! 
, ’ . 
lhfolim eould have olven ist 
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to the present array of cultivated races 


in post Columbian times 


SUMMARY 


New evidence is presented of frequent 
hybridization between plants of culti- 
vated tomatoes (Lycopersicon esculen- 
tum) in Eeuador, Peru, and northern 


Chile 
the wild L Pp mpinellifolium is also sug- 


Hybridization between them and 


gested in the northern part of this range 


The rates of natural cross-pollination in 


southernmost Peru were measured di- 
rectly by genetic progeny tests The 
values in two sets of data—25.7 and 


14.8%—are in keeping with previous es- 


timates for Peru and are five to 25 times 


higher than those of temperate tomato- 


producing areas 


An unusually high level of hybridiza- 


tion is also reflected in the variation of 
progenies from. singk plants and cade- 


termined by known monogenk 
ion. In 


enies, 18 showed single-gene seg 


genes oO] 
at a series Oo] 34 such prog- 
regations, 


and 
al 


and a corresponding variability was ob- 
served for quantitative traits It is 
likely that part of this variability results 
from hybridization with, and introgres- 


iits from, L 


ponpinellifoliun 
I 


| significant among such traits 
] } f ] t 
is the leaf distortion conditioned by cn 
a gene that Is present in some races Ol 


L pimpinell folium and nearly all 


t | 
i 
tester 


eultivated forms of L. esculentum from 


coastal Ecuador, yet, with one exception 


is unknown in other cultivated to- 
The 


effect of this gene is masked by the en- 


any 


matoes of the world characteristic 


vironmental conditions of the 


The 


rated in most cultivated tomatoes of that 


native re- 


f10n cm gene has been Incorpo- 


area presumably because it enjoys som 


strong selective advantagt A survey of 


accessions of if pimpinellifol TALL reveals 
similar evidence for the introgression of 
esculentum genes 


Despite cohabitation ol 8 eS ule nium 


with three additional tomato species, no 


BOTANY 


evidence of hybridization with them was 
observed. 

The inquiry 
cussed in respect to the systematic rela- 
between L and L 
pimpinellifolium and to the derivation 
of the cultivated 
South America 


results of this are dis- 


] 
esculentum 


tions 


tomatoes ot western 
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Arundo donax—Source of Musical Reeds 
and Industrial Cellulose 


Arundo donax has played an important role in the cul- 
ture of the western world through its influence on the 
development of music. Reeds for woodwind musical 
instruments are still made from the culms, and no satis- 
factory substitutes have been developed. This grass 
has also been used as a source of ceilulose for rayon and 
considered as a source of paper pulp. 
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Introduction peoples of the Middle East The term 
. . 11 “reed” is of Irequent occurrence in thr 
The grass family is well known as a 
’ Bible, and at least some Ol these reter- 
source ol many Important economic : ; ee 
. owe . ences al ude to 1) indo donaa Bibliea 
plants. The cereal grains form the most aie 
. writers provide ittie mtiormation sas to 
important source of tood tor nankind : : 
; the utility of the plant but by simil 
nd grains and forage types provide thi és 
1 ree ’ made use of its well-known character- 
complete diet Of many domestic animals 
; , istics, lis tenacity, rigidity, vigor and thie 
Sugar cane Is the principal source ot 
> : . nature Of its surroundings in expressing 
sugal Bamboos are widely utilized in 
, q ; , . , their ideas or in creating imaginative 
ropical and subtropical areas and many ; 
, , , descriptions of phenomena ot their day 
species Ot grasses are employed AS IAWN ae : , 
' ae Today, reeds for woodwind musica] 
piants several grasses, notabdiv esparto, . ne 
’ ‘ ; Instruments are still made trom Arundo 
are used tor the manulacture of pape! . , 
, qonaxr culms, the same material that has 
species 0] ( ymoopogor and Vet reria : ‘ ; 
; been employed throughout the history of 
provide essential oils, and the seed heads ! 5 : 
, ; , these instruments. This is a rather un- 
ot broom corn provide raw materlais 10! : : : 
Usual Case In Which modern technology 
the manufacture of brooms ; ; : : 
as been unable to deve Op a satistactory 
From. the viewpoint of the quantity : 
substitute althoug! during times of 
utilized or its monetary value, Arund . 
shortages, much ettort has been expended 
donax L. is a grass of relatively mino ' 
: : this direction and, trom time to time 
Importance, but this plant has plaved a1 
’ Mu-IewWMNs have turned mn desperation to 
mmportant ole in the culture ol ne West- : , . 
: a Variety Of ocvher materials 
ern world through its influence on the ‘ : . 
: , \ considerable quantity of the grass 
aeveiopment Of music Phe plant Nas a , ea 
* ’ has been used as a souree of cellulose 
. long history, perhaps as long as that ol ‘ 4 
. lor rayon manutlacture, and the piant 


any othe species With the exception ol ; 
t} | j food pl nt It utilization , has received consideration as a source of 
{ asic OOU als = { atllon in . 

1 , i | papel pulp 
l ve | . 


the creation of music can be trac back 


5,000 years Botany 


The plant Was wel ky own to ancient = , 
The genus Arundo of the family Gra- 


mineae, tribe Festuceae, includes about 


1 Bot inist (Crops Rese ire! 1) vision Agri- 
ul il Research Serv U.S. Department of sIx species Ol which A. donax L. is the 
Agriculture, Beltsville, Maryland most widely distributed and the best 
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know) 1. CONSPiCUa Forst 


ie herbaceous 
New Zealand, is widely grown 


most bulbous 


pean gardens as an ornamental stocks lOrm compact 1 


lasses Trom 


pou ana lurra Is native to the countries Arise toug fibrous roots that 1) 


| 1 
aeepl 


bordering the Mediterrane in Sea and 1s V into the sol 


utilized to a limited extent for lorage diameter 


i COMMONLY 
1. formosana Hack. is native to For- brane} 


mosa: A. fu da J | ind A ch- 
ard: Endl. are ative to New Zealand 
Common Names. Because o. its 


Oo! growt 


ad distribution and extensive 
zation by man, Arundo donaa 
smoot 


sui ad many COMMON Names 


southwestern United States, the plant 1 colder 
sometimes called by the Mexican name mature 
Carls In English-spe iki yy countries 
in general, it is called bamboo reed, Da- 
nubian reed donax can 
ed, Spanish reed, 
well ais by such genera 
us Cane reed, Ol bamboo 
ther countries, the most 
employed names are merely translations 


epit ets Cult “ol COMMON 
Ost MNporcant names, sonny 

pplied also to Phragn 
are as follows Burma cultivation. was 
alokyu; Kevpt kasab; 
} 


Gardener's Dictionary 
rench Africa: canne, ¢ form is now known 
ence, roOscCauX: Germany i . li (Mill) Ku 


> ] > hilt 
Pfeilroh Riesenschil 


ios India bara nal, gaba na 
Italy: calami, caneviera, canna, 
berganega, canna di cannitu, canna con 
mune, canna domestica, canna monta 
canna da rocehi, canna di stent il, 
gergane, donaci, gutamu 
ind Spanish speaking countries 
comun, canna de Castilla 

In Italy, the form wit} 
leaves is known as canna 

With several exceptions in whic! I have been 
meaning will be clear from context, the — differ significantly from 
term “reed” is employed in this paper exeept for their variegated 
only. in reference to the sounding mecha- Cane grows ve apid] (irowth 
nism of a musical instrument 


week ove} a 
Description. Arundo donax is a tall, period of 


several months Is not unusual 


erect, perennial, eane-like or reed-like when conditions 


are favorabl Young 
GTASS, 4 It Is one Ot tive culms ce Ve lop at approximate ly thie full 


«t} 


370 ECONOMI( 
diameter of mature cane, but their walls 
thickness after the initial 
The new growth is soft 


increase 10 
PTOWINEG sexnuson 
and very high in moisture and has little 
wind resistance 

Distribution. 


to the countries 


Arundo donayx is native 
surrounding the Medi- 
terranean this it 


become widely dispersed, mostly through 


Sea From area, has 


intentional introduction by man, into all 


Fic. 1 
Brilhart) 


of the subtropical and warm-temperate 
the In many it 
has become well established The plant 
is abundant in India, ascending to eleva- 
tions of 8,000 feet in the Himalayas, and 
has been dispersed eastward to Burma 
and China 
absent from central Africa but has been 
successfully introduced into the southern 
It 
troduced into Australia and many islands 
of the Pacific and Atlantic oceans. 


areas Ol world areas 


The species appears to be 


part of that continent has been in- 


donaxr) in California 
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Donax cane has also been widely dis- 


persed in the New World, from = the 
southern United States southward 
through Central and South America. It 


occurs in most of the islands of the West 
Indies, well as Bermuda and the 
Bahamas In the United States, the 
plant has been cultivated successfully as 
far north Washington, D. C., and 


in 


as 


escapes from cultivation as far north as 


(Photo courtesy of Arnold 


and Missouri It has been 


widely planted, often as an ornamental, 


Virginia 


throughout the warmer states, especially 
in the southwestern part of the country 
it the 
prevention of erosion. There are abund- 


where is used along ditches for 
ant wild growths along the Rio Grande 
River 

The cultivation of cane for woodwind 
reeds has been largely limited to a very 
small area in southeastern France in the 


adjoining Departments of Var and 
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\ small 


fo donaxr in ( 


ornament 
ilifornia 

commonly used 
warme! sect 


I S.D.A Photo 


ons 


Cane has also been 


Alpes Maritimes 
cultivated 
extent in Texas and California ( 


tor this purpose to a small 


‘ulti- 
vation of the plant lor use as a source Ol 


industrial cellulose been largely 


limited to northern Donax can 


is widely cultivated, a small seal 
in Italy and 
Mediterranean Sea 


on Lol 


local use, other countries 
around the 


Ecology. 


W ie 


aqonaa tolerates a 


] 


Arundo 
variety ol ecological 
(10, 14, 27, 28, 35, 42) 


flourish in all types of 


conditions 
It is re ported to 
soils from heavy 
loose sands and gravelly soils 
It tolerates 


ivs to 


excessive salinity and will 


survive extended periods ol severe 


drought accompanied by low atmos- 
pheric-humidity or periods of excessive 
moisture 

The plant produces the most vigorous 
growth in well-drained soils where abun- 
dant favored 
environment is along the border of lakes 


Along the 


the most abundant growths 


moisture is available; its 
or along ditches and canals 
Rio Grande 


occur on fertile soils well above the river 
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bed that become flooded only during rare 
flash floods Very little can 
lower levels (14) 


orows at 

The plant’s ability to tolerate or grow 
well unde ol eXx- 
treme drought is due to the deve lopm¢ nt 


conditions apparent 
of coarse drought-resistant rhizomes and 


deeply penetrating roots that reach 
Can 


lack 


year, 


deep-seated sources of moisture 
retarded 
first 


sé riously Ol 


during 


by 


moisture its but 
drought does not cause 
> te.2 


standpoint Ol moisture 


grave damage to 


old 


requireme nt cane 


patches years From. the 
produces 
that 


satislactory crowth 


suitable 


In areas 
the 


are cultivation of 


(28) 


Arundo donax 1s 


tor 
corn 
a warm-temperate Oo! 
When 


low 


subtropical species dormant, it 


is able to survive very temperatures 


but is subject to serious damage by 


frosts that oceur after the ol 


The 


true 


Initiation 


spring growth plant does not 


flourish unde 


In 


| 
SOLIS 


tropical conditions 


nature, cane 1s able to flourish on 


that are apparently very infertile 


Under cultivation the plant is responsiv 


1C- 


o improved soil fertility and is part 


warly favored by abundant nitrogen 


In soils of low fertility, especially those 


lacking in nitrogen, the buds of the rhi- 
7ome are produced at a 


fertile 


greater distance 


apart than in 


, 
solils and there 1s 


much greater expansion of the under- 


ground structures. In Argentina, annual 


intertile, 


soils were + 6. 


cane yields in partly fertile and 


ile and 8 tons, 
tively, Ol dry cane per acre (28) 

rhis 
seed in most areas to which it 


ently 


respec- 


species does not produce viable 


Is appar- 
idapted. However, plants 
been grown from seed collected in 


well 
} ave 
Afghanistan, Baluchistan, and Iran 
Anatomy. Arundo 
hibit typical monocotyledonous 
(16, 27, 40) 
bundles are 


} 


the 


donax stems ex- 
struc- 
tures Although the vascu- 


lay distributed freely 
of 


fundamental parenchyma, those toward 


throughout cross-sectional area 
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the periphery ) e stem are smatlie! 
and mor lnerous than ir thos 
toward tl] Interi1o! Tl vascular bun- 
dles are collateral and are surrounded by 
one or more rows ol ick-walled, strongly 
ignified fibers These fibers are long 
and narrow and taper to a fine point 
The larger bundles of the interior are 
COMIDONLY enclosed Dy i single row Ol 
fibers. Toward the periphery of the stem 
is the size o e bundles decreases 

numiby 0 ows of fibers associated 
vith the bundles creases Near the 
exterior oO] the stem, where the bundles 
rr sInali and comparatively clos to- 
gether, the fibers are sufficiently abun- 
dal to lorm a continuous ring Of struc- 


tural tissu Within whi ire scattered 
iscular elements his structura 

ng is separated tron the eplderma 
iver by a narrow band o parenchyma 
cells that in mature stems are compara- 
tively small, thick-walled, and lignified 
The vascular bundles, with the excep- 
tion of those near the periphery of the 


: ot 
stem, are embedded in thin-walled pa- 


renchyma the innermost cells of whic] 


are very with inter-cellular spaces 


are 
it their angles 
including the 


bundles, 


rhe vasculal 


fibers interior to thre struc- 


1g, Occupy approximately 


JAG ot the total cross-sectional rea oO 
, 1 

the sten The vascular tissue and as- 

sociated fibers that compose the strue- 

; ] | taller 22¢ 

urat TING MAKE Ip) APPProxiImMately 36d 

ot the to cross-sectional area 


parenchymatous tissue occupies but 43° 


ol the cross-sectional area of the stem 


laver of epidermal cells is 


covered with a waxy cuticle In the 
tangential plane, the walls of most of 
these cells form a strongly sinuous out- 
line Seattered through the epidermis 
are short-roundish or irregularly shaped 


oramineous stomata 
] 


] 
leaves and 


cells and typical 


30th stems ot Arundo 


donax, particularly the 
numerous highly silicified e 


lormer 


}] 
il 


contain 


s. These 
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eelis are associated wit the vascular 
bundles and are also located in th epl- 
dermal tissue. Their presence explains 
the relatively high siliea content that 


has been indicated by chemical analvses 


Utilization: Reeds for Musical 
Instruments 


woodwind instruments 


| undamenta V, 


consist of a tubul: or conical resonato! 
Vithin which sound waves are generated 
by the vibrations of a reed, as for the 
clarinet o1 oboe, or by the Pussage O1 a 
stream Of air against the edge of a small 


iperture in the tube, thi 
flute. The 


by a woodwind is a function of the lengt} 


manner of 


sounding thi tone generated 


: " 
resonator and is controlled by 


Opening one oO! 


more ¢ a series Of aper- 


Reeds for modern musical instruments 


ire Of three single he: 


types. The 


reed, emplioved with clarinet and 


SAaxo- 


phone, consists of a tongue or strip of 
cane, thinned gradually at one end to a 
broad delicate tip The base ol the reed 
Is clamped to a mouthpie ce with the thin 


vibrating blade ov rlapping an openime 
which leads into the resonato When at 
rest the reed 1s positioned in such 


manner that there IS Aa slight space he- 


ade ind he mouthpiecs 


When plaved tive reed vibrates oO! heats 
The double 


igainst§ the mouthprece 


o-reed employed wit! Tlie bassoon 


consists Of two pleces ol Cane 


TO back \\ 


— 
ides of the two elements vi- 


1 ' 
irranged back en plaved 
against each otne. Reeds of bot} 


types are used in modern bagpipes al- 


though tive single reed 1o! this 
differs 
seribed above The 


reed 


consists Of a 


mMstru- 


ment somewhat from that de- 


free-reed used in the 


mouth organ, organ, and concer- 


tina thin metal element 


which vibrates freely through an are and 


does not beat against any part of the 


instrument Arundo donax has 


entiyv not 


appar- 


been used at 


any stage in the 


e!l-developed 
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Fic. 4 (Above) Modern whistle- or fipple-flutes formed from Arundo donax cane Each 
ipe is closed at the lower end by a node The upper end is fitted with a plug in which a sound 


hole has been cu 4 thumb hole is located on the reverse side of each pipe opposite the upper- 


ARUNDO DONAX 
deve lopment of the free reed and conse- 
quently this type is not further discussed 
in the present pape! 


History 
In 


dor aa 


thre today, 


music world 


is most familiar as ie soures 


raw material for the manufactur 


reeds for woodwind instruments 


donax material 
with 


surprisingly 


origi ol cane as a 


sociated musical instruments is 


linked, not with an ancesto 


of one of the above instruments, but with 
of 


could 


a primitive ancestor the flute (5, 7) 
That a 


produce a characteristic sound and th: 


Modern 
A 


Duise 


hollow tube be made 


hollow tubes of varying lengths could be 


ross-] 


Phe 


. ' in 
made to produce different sounds could — 
long unrecognized by 

Thus, the 


for the discovery of the primitive wood- 


hardly have ron 


primitive man opportunity 


wind has long been be fore man, whethe Oo! on Ol 


as a hol Ow bone or as tube ol bamboo 


an mstrument that 
or donax cane. Karl 


It 


earliest 


notes \ man 
would 


fashioned 


Al 


date at which canes of Arundo could be 
donax were first used for making flutes 
Relics of the early Stone Age show that an | 
knew to 


The earliest type, the 


table materia 


Mais1n 


man how form a single-toned Vacale I's ; 


} 


pipe from bone. and their ust 


nay, or vertical form, was closed at the ently of the ol 


On 


Us¢ 
base and sounded by blowing across the 
open end of the tubs 


purpose in th 
Pacifie and 


North 


flut 


Later, pipes were south 


sounded by blowing across an aperture terials in 


placed just below the closed upper end es 


Ol 
ber 
rimitive pe oples 


Primitive 


of the tube and were held in a horizontal appear to have 


By the late Stone Age the bone} 
flute had been improved by the addition 


position. 


From the most 
hole 
pigment 
( Ipp 


A. Moroccan flute 
(U.S.D.A. Photo, instruments from 
Modern eastern-Meditert 
Arundo 
ibly from pipes employed several thousand vears ago in |] 
end | 


the vibrat 


most finger B. Egyptian flute, ornamented 


with black 
ric, 5 
reeds 


Smithsonial 


below) ine 


ind resonators formed from onar 


ine 


formed from a hollow of « ved at on 


the « 


piece ine, stop} 


the tube, penetrating 


The py 


drone ~pipre 


into torm 


ind 


iVIty to 


cemented together with lashed 


below. sounds but 
C 


mes wre Wak 
i single note 


Each of the 


melody 


waxed cord melody 


D 
(I 


Syrian naigha 
The 


Irom 


Iraqi « 
S.D.A 


ine instrument two 


Photo, instruments Smithsonian tion collection 


mo! Ing 


be difficult to estimate the a mueh more sat 


eanes Ol 


1 


rument 


og oles resulting in 


could sound several 


<oon discovered that 
istactory mstrument 


, 
Irom a tube ol vege- 


\Mediterran- 


aqonar 


ound tl 
Arw 


naterial 


if 
lo wert 
for this pur- 
originated independ- 


bamboo for t} sunt 


f the 


if 
nt and islands o 
ol 


South 


the ust other ma- 


America 


ruments 


and 
flute-like inst 


n developed by most 


flute, it 


vertical 
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slmpie step to the 


adeve lop- 
This 


; ) eth) 
ment of the Pan pipe or svrinx 


instrument consisted of from 


several tO as Many as Zo pipes, Varying 
n leng rom ee to approximately 
en inches, ea sounding a different 
note The tubes vere irranged so that 
their open ends were in a horizontal row 
nad wer ittaches ene! oO its nel hor 
or to one or two Cross pieces by a crude 
vine or adhes e Pan pipe was 
Vpict \ cons icted rol ( ilms Oo 
trundo dona the stopped ends of the 
bes tori ad DY ints Oo e cam Pat 
pes have persisted as folk instruments 
In the resell ( ( ( sou easter! 
ku On na es G4 qonax Cane 
The Par upe is believed to ve 
ormead e basis it e origin ol ( 
most prin ( ype orgal | e earnest 
organ of record, dated at approximately 
200 Bx Is comparatively complex and 
i far erv fron e Pan pipe, but was 
referred to by Greek writers of the time 


as @ SVrinx or as syrinx played by 
hand The primitive organ provided a 
mechanism 10! 


creating a wind supply 


and included a wind to which flue 


pipes Ol donax cane were attached Ad- 
ditional mechanisms were provided to 
permit the passage of al through the 


pipe, ol musician’s choice 


The 


pipes, Ol th 


appropriate note tor each pipe Was 


created by the vibrations resulting Irom 
the passage Of alr against the edge of a 
slit cut into each cane tube. As the evo- 
lution of the orgal progressed, tne 
craftsman abandoned <Arundo donax 


enne ror tubes ol wood oO! metal 


While the 


earliest stages of the devel- 
opment of the flute can be | 


found in rel- 
ies, early pictorial records, and among 


instruments in use by primitive peoples 


of the world’s present population, early 
the 
sounded by a 


evolution Of instruments 


well 


stages 1n 
reed are not 
20, 33) 


double reed may have been dis- 


very 
known (5, 7, The mechanism 
ol the 


covered when primitive man compressed 
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the end ola phable hollow stem betwee n 


] 


and 


his teeth created t hon-musica 
flutter with the pressure of his breat] 
()) possib V, the princip| Ol thy double 


) 


first 


bye tween two blade = of 


eed Was recognized when man 
foreed his brea 1) 
ass. The most primitive type of single- 
squeaker Of hol- 
0 eC! plant material wit! 


i iong rectangular section raised rom its 


reeqd Of this type was 
ito! \ 
tts 1 + ; , 


mout 


resol 
idioglottal 
©! he double or the single 
hot known, 
double 


likely that the 


reed. Came 


first or that bot vere a veloped it about 

e same time As we know it today 
the double reed is far mor complex in 
structure and manufacture, but it 1s 


ictually less complex in its origin and 


e\ olut lon 


The first significant development 1ol- 


owing the origin of the simple squeaker 
Was the use OI &a long r tube perforated 
with one or more finger holes to vary 
the tone When the fragile reed became 


damaged or worn, it was necessary that 
As 


increased 


the entire instrument be discarded 
the craftsman began to devote 
attention to 


the 


peri etion of the 


reso- 


nator, need for a reed attached to a 


separate mouthpiece became evident; an 


arrangement that would provide for re- 


placement of the reed but permanent 
use of the improved resonator was neces- 
sary. This second important improve- 
ment closely followed the adoption of 
the longer perforated tube 

\ majority ol primitive peoples of the 
present day are ignorant of reed instru- 
Although the 
as a simple squeaker, may have been 
different 


the initial stages ap- 


ments reed mechanism, 


developed independently by 


primitive peoples, 
parently did not give 
velopment except in Kgypt and south- 


rise to further de- 
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Asia. 
have 


western Advanced instruments of 


this type been discovered in thi 


hands of primitive peoples in various 


parts of the world, but in most instances 


it 1s possible to attribute the invention 
to the early peoples of the middle East 


The 


this origin are the 


factors primarily responsible for 


unique characteristics 


} 


of Arundo donax which make it the fin- 


est raw material for formation 
and thre 


graphie distribution of the 


ot the 


reed mechanism original PeCo- 
ae around 
the Mediterranean Sea 


Nile 


only 


and along tiie 
civilizations 


Arabia had 


material that 


Thus. Ol the early 


those ol Kevpt and 


could be 


the on 


most effectively developed Throug out 


the entire period that reed instruments 


under the influence of north 


were 


or southwestern Asiatic peoples, donax 


cane provided the pret rred raw material 
for the reed and the most easily adapted 


and most favored material for the 


reso- 


nator as we |] The structure of the cane. 


apparently unique among plant mater- 


lals, has provided a substance with ideal 


characteristics of resilience, elasticity, 


and resistance to moisture It forms a 


superb vibrator that responds instantly 


to minute changes in pressure and does 


not erack ol split unde the adverse cone- 


ditions of intermittent but lrequent con- 


tact with moisture 


] 
! 


Archeological evidence indicates that 


the reed woodwind, as a musical instru- 


ment rather than as a simple squeaker, 
originated in Egypt or in Mesopotamia 
At the earliest point in history at whiel 
we have evidence of the existence of 
these instruments, their use was already 
well established in the life of these peo- 
pl 


woodwinds is 


es Our knowledge of these 


early 


based upon discoveries 
from Egyptian tombs and ruins of early 
Sumerian 


The 


found in the painting and sculpture of 


cities in southeastern Iraq 


oldest representations have been 


the Egyptians, the most ancient literary 


DONAX 


relerences 
the Sumerians 

The first Egyptian reed-woodwi 
single tube of can 


" 
record WAas a 


finger holes Pipes ol this type ire 


before 3.000 


} 


known to have be nin use 


B.c. and by this time, bot singie 


double reeds had probably bee ( 


oped Double pipes consisting of 


le Cun tubs = 


bound with string were 


uiso 1h 


pipe Was equipped With & 


Ol Which were placed 1 


sound the instrument r} 


( erforated Wit 


! 


sounded the same « 


probably 


| r " ‘ : 
thie ile notes Represe! itions 


Kgvptian double-pipe instruments 
heen identified on seulpture dated 


3,000 B. 
In Mesopotamia, thie 


double-pipe 


strument modified to 


pip 


reeds 


was 


1orm a 


shaped double played 
vith two single most 
familiar type in early | gs and 
sculpture Ebony, bronze n 1 r, as 


aus cane, were used esona- 


An idioglottal reed 
achable mouthpiec oO! 
‘ane mstruments cut 


resonator some of 


1 


humbel! 


Others 


ad an equal 


tubs 


, , 
Notes ach id ONIV one 
tubs Wit! 


tubs 


pertorations, the unperforated 


sounding a 


nished with extensions 


one unless fur- 
\ bout 1600 Bx 
thie V-shaped double pp Was 


single 


earried 
back into Egypt and from this period on 
Is represented in profusion on 
sculpture, 


Egyptian 
almost to the exelusion of 
other types 

These 


but 


prinitive instruments, changed 


little from the early Egyptian pipes 
from which they descended, are still in 
use in Egypt and throughout the Moslem 
world 

The Moslems 
ble for the dispersal of the reed wood- 


wind. They spread the pipe 


were largely responsi- 


into China. 
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‘ 


the East Indies, Europe and North Af- 
rica, and indirectly rough the early 
Spaniards Ot! Americas 

The Egyptian-Arabian pips spread to 
Crete and then to Greec: When Crete 
Was invaded by the Greeks about 1.100 
B.C. The earlier Greek pipes were mostly 


double-reeded The single-reed type 
Was not used until about 300-400 Bp. 
although the Greeks wert apparently 
long aware of the single-reed mechanism 

The first important changes in the 


musical pipe since its initial develop- 
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nent by e Key] ns and Arab 
3,000 or more years previously wer 
brought ibout hyy thie Cireeks ie 
mou piece, ITCVIOUSITS cCmploved Vi 

e plaver nd engulfed completely 

e mou vas ered so e hu 
0 ere . VAN ol ( ) 
Phe strument was plavee if ( ) 

CSSOK nst e reer As the 1s 
OO! i‘) ( — l Ct] { 0 

‘ ly ‘ j could hb eq 

C ( i] el vit 0 ‘ 

) l ) e GareeKs a ( 
Cl Ol ( mou Nec na (| \ 
ereased. thre bye 0 an Oles teh 
= 7) ny ~ 16 I “On Des As Tlie 
l ber Of hinge OCs creased “Vs 
| 0 ClOsi ( Ont OCs O 1 ( C0 
I Lo = (it sed DV use of nic 1) (i 
eld ! piace Dy rings ene ( thre 
tube | ( DbAnds wer « orated ind 
rrangeqd so il Various tinge iOles 
could lye 1) UAV or compl ely covered 
oO! ( t opel 

Wit the overthrow ot thy (ireeks dur- 
Ing the middle of the second centurv B.« 
by the Romans, the musica] pipe Was 
carried to Rome. Little change resulted 
thoug the resonator came to be made 
Oo bone, wood. oO! metal is wel us O] 
can With the decline of Roman cul- 
ture, during the fifth century A.D., the 
reed Pipe as then known and its s« ener 
disappeared 

During the Dark Ages, all musical] in- 
struments 


Vere frowned upon hy Tie 


( and tl thre 


} 


nureh ic use oO] NIGHIV deve 


oped reed woodwind died out in Murope 
As modified by the Greeks and used by 


+} 


© Romans, this pipe was a very intri- 
cate instrument, not a simple folk instru- 
ment like the early form developed by 


the Egyptians and Arabians 


ance on the 


Perform- 


pipe Was a real art and thus 


required the 
It 


during 


attention of a true artist 
Was Ialr 


this 


too complicated lor survival 


period in the the 


This highly developed instru- 


hands ol 
peasant 


Famiy: 5 FE 
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nt Was us an end line of evolution Up ur . voodwind d 
nple submerged by larkness bee mo consis \ of eane 
ne 0 e lamilly t ( Vhose mal ou requ V cu l ) ou 
li \ Oo Cull i moder ( a i \ ( ( ( 0 ( 
ae | OOoOUWTNG l ( ~ \s ( ~ = 
init = We Is eturn to thie ! ( ( t ! ( ome ¢ | 
( ] { GeveLlopy DV tle C ) ~ l ele { neces \ rit 
ad At ans (Oo, the manv 1lolk - | 0 { \ ! ( - lo = to 
ents of the ed-woodwind type ft Hboxwood ne othe kcsurop ooUds 
0] rie ~ =()) 0 \ ( ( ( a) Ist “hye Ist ( <1] Oon- 
ise to Ost Cal r¢ Cer { ) i - - Ollowed DY 
( ! 0 ( CTT \s AS (if Ope! 0 lO ( | 
liniat . ( made from three eat (not continuous w e mouthpiece 
1Dbecs - evolved Om A primitive lll- ut ened to t by = ce 0 
rument brought to Sardinia bv. the othe 1 erial) \lanv 1 te <s wel 
P oOcn ins hou 5OO 700 vears 4 used Tor the Vibrat y tongue Dut ovel 
Ree nstruments were so broug O t centuries. none roved so satisfac- 
| roy by the \loors oOo overran Spall ~ OnaAxX CANE 
nd part of Franee between 700 and 800 During the 17 to 19th centuries ( 
) na Who eld O} n Apa or al (- slIngie -reed -TVvpe strument yas 1)- 
( 10 TOO vears \ folk instrument proves nd developed t Vv oO 
of cane used in the Balearic Isles may be many struments including true 
relic of this invasion. Knowledge o IWth eenturv clarinet and 19th century 
e reed woodwind possibly reached the saxophone; the double-reed tvpe. evolve 
Brit - Isles as a result Ol commune Into the oboe Kine = orl wd bassoon 
tion between Moorish Spain and Wales nd thei tives 
It ls possible howevel that the primi- | ( Vinan gene! VY does not recog- 
Live British and Bal iri tvpes a ( nize thre bag } lye is a reed nstrumen 
oped sa result of earher Celtic migra- ilthoug Is woodwind emplovs: bot 
1Ons Migration to the west eventually single ind double reeds pre mired trol 
spread the knowledge of the reed instru- stems ot donax cane ‘ bag ot t @ 
rie . § roughout a oimrge part ol | Wop Instrument serves is i flexible vind 
From this widely distributed, simple chamber from which the expulsion of ai 
primiive woodwind, our modern elari- s controlled by pressure of the musi- 
nets, oboes, bassoons, ete., have evolved clan s \ir is supplied bv a bellows 
During the vears following the dawn o earriecd under the opposite irm or by 
the Renaissance other musical instru- blowing into a tube connected to the 
ments became widely established, but bag. One to four reeds are completely 
tiie woodwinds wert hardly known Ph enclosed Within a comparable number Ol 
tones produced by these imnstruments tubes whi ire attached to on end to 
were oriental in nature, sensitive, piere- he ba One pipe, the chant r mel- 
ing, whining tones that appealed to ody pipe, encloses a typical double reed 
eastern rather than western ears In and is equipped wit! ioles or kevs to 
addition, these instruments had associ- vary the tone The remaii pipes 
ated with them certain acoustical prob- the drones, enclos idioglotta sing 
not to be solved until reeds, and, lacking a mechanism for 


lems which were 
varying the tone, sound 


many vears later 


but a sin 
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note Control is not exereised over the 
ipes independently; all operate in uni- 
son 

Phe sing reed of the bag pipe is ol 


even in th 


=} eial 


interest, 10! 


, 


, 1" , 
modern pipes, this reed does not adilte! 


Irom lat employed in the most primi- 
tive single-reed instruments developed 
some 5.000 vears ago \ single reed 10! 
this instrument is prepared from a 
slender tube of cane, closed at one end 


by a joint, bv cutting transversely into 


the hollow Ol the cane to a aepth ol 
about 2 mm. and then raising a tongu 
in the side of the tube by cutting longi- 
fudinally for a distance of about 5 em 

The most primitive bagpipe on record 
was employed by the Romans during 
the reign of Nero, but the principles of 
the instrument were known at a mu 


During at least a part ol 


thie instrument 


As thre 


use of the instrument passed to the nort 


donax cane Was used for reeds 


far removed from the native home ol 


Arundo donarx, other materials were em- 


ployed The use of cane Was ren wed 


at an undetermined date when supplies 


of this material were made available by 


improved transportation 


Today, one can only speculate as to 


what would be the nature or quality of 


] ] ] ] 
our music both classic and modern, had 


] 
not Arundo donax been available to thi 
| 


early civilizations of Egypt and south- 
western Asia and the later civilization 
ol Europe Undoubtedly, the initiative 


artisan would have culmi- 


of the early 


nated in the suecesstul application ol 


anothe mate rial to thie making ot reeds 


| 


Can we compre end the effect of such a 


material upon the evolution of music? 


Growth Requirements 


Most musicians and reed makers hold 


the opinion that the environmental re- 


quirements tor production Ol quality 


cane are highly rigid and that there is 


something highly specific about the soils 
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ind atmosphere of southern F t 


rance tha 


Is responsible tor the production ol vood 


can Jevond this there is little ag 


ree- 


ment as to the most satisfactory condi- 


ions. The opinion held by some is that 


( eonne should ay CrTOW! WW Clay 


while others firmly believe that only 


sandy soils will produce 


loost 


qualitv material. It is generally 


that low atmospheric humidity is 


ible 
; reeds | ive 


The fact that good-quality 


been made from cane obtained from 
Sicily, North 
Mexico 
Virginia 


er conditions are 


Spain, | 


Africa, Kenya, 
Cuba. 


taly 
South America, ‘Texas 
California ind suggests tha 
soil and ot! not as rigid 


is Thev are generally considered to be 


{rundo donax 1s well idapted to 


\ 
With all 


into consideration, it 


wide variety of soil conditions 


factors taken 


thre 


itp- 


pears that most suitable habitat for 


the production of raw material for reeds 
is a deep lis 


ight soil, whieh provides ade- 


quate moisture tor maintenance Of con- 
tinued growth but does not contain suf- 
ficient moisture for a highly vigorous 
development that would result in the 
formation of soit porous cane \ site 


near the sea is regarded as preferable to 


a more inland location 


Cane Production in France 
The 


facture ol 


production ol for the manu- 


th 


Cane 
reeds is restricted to 


Franee i 
the Departments of Var and Alpes Mari- 


coastal area of southeastern 


times, within the = district formerly 
known as Provence The most lnpor- 
tant plantations are in the vicinity of the 


coastal town of 
Cultivation. 
by vegetative 


Fréjus 

New plantings are started 
propagation Planting 
material is obtained by digging and di- 
viding old rootstocks oO! occasionally by 
rooting cuttings. Large canes may be 
eut in June and placed horizontally in 
shaded, moist, 


sandy soil Young plants 


ct velop at the nodes and after reaching 
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a satisfactory size are separated and re- 
moved to the fields. The 


cuttings are placed in 


e canes to the sun 
rhizomes 0} age for animal feed or bedding 


rooted rows 2 to Harvest. 


up to five 


The new plantation requires 
and 
depth of about 


3 om. apart covered with 


10 em 


hecessary 


soll to vears GCTOWTH b Tore producing 
The plants the first full crop of good-quality cane 


watered if during th In established plantations, canes to be 


veal and are hoed onee o1 LW1C¢ used for reeds are selective ly eut during 


becomes covered when they Are 


the ground with cane, the winter months, two 
the space between the rows mav be or three vears old During harvest, any 


‘NK | 
«ty. 4 Aeena 
’ 


ae ’ %. 
, the 


wk, Gah ee aT aS 
‘ WY pat ee = 


Nest 
\\ 3 


mae vy. 
“~~ 


Provinces ’ 


ric, 8. Sun-curing cane Vai France Photo courtesy ; ither P 


Hines) 


lized for 


the cultivation of potacoes, 
beets, and other similar crop plants. 
During the early development of a 
planting, the canes are cut periodically 
to encourage spreading of the rhizomes 
and to increase the density of the stand 
Established plantings receive little at- 
tention other than the periodic removal 
of large weeds and the small or most ‘in- 


ferior canes. Some growers remove 


leaves before harvest to allow exposure 


cane that is too old for use in reed manu- 
facture is removed to allow bet 


ing the 


ter grow- 


conditions for following year’s 
erop. 

Drying and Curing. Treatment of 
the harvested varies greatly and 


largely depends upon the opinion of the 


cane 


individual grower or upon the preference 


of the reed manufacturer for whom the 


cane is destined. The newly harvested 


canes are tied in large bundles, often 
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Wi] eaves and branches intac hes 
bundles are stacked erect with the cane 
Duses spread Out in such a manner as to 


lorn i 


ered 


i post, or the bundles 


pvranna; they may be gat 


nto s ocks around 


may bob 


stacked erect aga 


Curing Mexican-grown cane in 
Photo eourtesv ot J W 


tate handling 


of a horizontal timber supported at a 


height of 2 to 3 m. above the ground. 
Certain growers prefer to initiate sea- 

soning of the cane under a tree or open 

shed or provide protection from the sun 

by covering the south side of the bundles 

with grass or cloth. 

rain. During 


leaf sheaths 


Cane is not harmed by 
the initial drying period, th 


Arizona 
Manson) 
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rot and oiten stain the outside of the 
cane, producing a mottled appearances 
This does not affeet thi qual VY oO Lie 
can In facet, mottling is regarded by 
some MUSICIANS “As AN Madieation o gn 
quality The initial drying stage re- 


The 


quires at least two to four months during 
the the 
is otherwise dissipated 


which moisture within can 


drains out o1 


Following this period the upper branch- 


Ing porvuons oO} the canes are removed, 
the remaining leaves and sheaths are 
cleaned away and the canes are cut into 
lengths of about four feet. Any spoiled 


or cracked canes are discarded 


iOW Suppo! 


eolo) 
Ato! \ Nn may result Irom excess] 
exposure to the sun As soon as the sur 
exposed to the sun turns to 
e turned 
is exposed to t] 
turned once 
exposing 
Is gene! 
more unllorm colo! 
curing takes at as 
weeks, and ov longer period is olten con 
sidered more desirable 
total period of outdoor drying 
The cane may be dried 
to twelve months, and some advo- 
an even longer period. In certain 
instances, sun drying is supplemented by 
kiln drying 
Following sun curing the cane is stored 
in sheds lt may be retained in storag 
for a further indefinite period of curing 
or immediately marketed. By the tim 
the cane is used by the reed maker it 
as much as three to five vears 
The total period Ol seasoning, Aas 
as the growing period, is influenced 
considerably by the demands of the 
market 
By the time properly-seasoned cane 1s 
ready for use, it has turned to a rich 
golden-yellow The cane is sectioned 
nto tubes by cutting about 1 em. on 
either side of the nodes lubes of poor 
quality are eliminated These include 
tubes with walls too thin or too thick, 
tubes of unsuitable diameter, those that 
are cracked or not straight, and those 


that are of poo! color or otherwise of in- 


\ 


France is the traditional 


proc 


\ 


Yi 


HiCKE 


ulacturers 


eld. [st 


much Ol 
ick ol Of 


hye COUsSE 


eked, or other in 


uF 


( 


} 


} I 


e nodes ren 


portion of stoc 


rooked. 


perl ine 


} 
NK 


Cane Production in Other Areas 
Phe Department of Vai 


ly 
il 


arts 


ortage pe rsiste¢ 


iction of cane to be 
ane was widely re¢ 
quality material, ai 
f the French growe1 


prior to World W 


, 
ar, cane sie 


of the world became 
] 
I 


was reported that during 


1 ee nt 


used 

‘ognized 
i t 
Ss Wi 
il | 


rt 


iskCs 


lor sever: 


the war ve: 


1] 
Senegalese troops billeted among 


French cane fields, consi 


quantities ol cane tor tue 


t10n 


part 


| shelt rs, and wert 


) 


, , 
tor the ater short 


1 


a 


His monop- 


( 


lned enormous 


l 


Land construe- 


1] 
responsible 


auezes 


its poor quality As a result of 


tin 


In 


t 


and post-war short 


United States made 


ages, 


17 
I 
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to establis iomestic sources OL Cane 
“I i 1) ntings were e@s blis ed in Ca 
oO! lex = C,eorgla ana \ abama 
son vere Oo rhizomes imtroaducea 
on thy ean plant itions ot southern 
France, ind others Trom rhizomes ol un- 
KNDOW origu None o the cane ro 
ese plantings Was reported to be s s- 
factory Sporadl ‘ orts vere mvAaE 
auring the dec ce receaing Worl \\ | 
I] oO grow su pie Cane l s COU y 
but without success. With the then ad 
aquate suppies i Pyle On I) Ut 
thie ma at 1ius 0 developu 

Ame ean souree s eKened 

During the early stages of World W 
Il the eane suppl gain became short 
and renewed efforts were made Oo aUe- 
velop sources Within thie United states 
Cane Irom existing plantings mostly 
ornamentais oO! escapes, Was collecte l 


, 
isiclans, reed manulac- 


and tested by mi 
concerns previously engaged 


hed 


Was dscove read 


and 


turers, 
In importing cane o! reeds 
Shortly, satisfactory can 
along the 


As a 


strains 


Rio Grande in southern Texas 


] 


result of this discovery | 


severa 


including materials introduced 
from Iran and Afghanistan by the U.S 
Department of Agriculture were planted 
101 Texas 


comparison at Brownsville, 


Details of later progress are lacking, 
but the cane produced on 10 acres was 
reported to have been harvested in suf- 
made available to 
by early 1942. Whether 


this cane was acceptable to the manufac- 


ficient time to be 


manutacturers 


turer is not known, but several musicians 
employed it successfully. This cane at 
$1.25 to $4.00 a pound w 


trade publications at the 


as advertised in 
time, the price 
varying according to the 
ment 


type Ol instru- 
This 


cane-growlng operation Was not success- 


for which it was selected 
ful and was later discontinued 
During this same period, considerabl 


effort was devoted to the establishment 
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of cane production in California with 
most of the same strains planted in 
lexas (,00d-quality cane was made 


iVailable to musicians, several of whom 


ive reported that fine-quality reeds 
could be made from it Cane produc- 
tion in California decreased considerably 


after World War II, as Frenel eane 
again became iVallable but as late is 
1950 ons produce! Was idvertising Cali- 
fornia cane grown from imported Frenel 
stock At present cane is being culti- 
ited for reed manufacture by at least 
one row ¢ 

| { SCHUTT 0} hev sup} Y OF Cane 


by American m also resulted in 


isiclans 


the discovery of suitable quality mater- 


ials in Sonora, Mexico These natural- 
ized growths wert exploited to a consid- 
erable extent during and just after 
World War II Cane was collected by 
one manufacturer in the vieinity” of 
Guaymas and transported to Arizona 
lor curing Another concern set up a 
lactory neal Nogales to carry out the 
pre liminary processing Ol local cane, and 


the reeds were finished in New York 
City Mexican cane is currently sold in 
the United States, one dealer recom- 


mending it for student reed-making 


practice. This cane is now used to a 
very limited extent by reed manufac- 
turers 


The World 
resulted in 


War II 
the successful establishment 
the the 
(22) re- 


shortage of cane 


of plantations by Russians in 
Caucasian area This cane is 
ported to have been very unreliable at 
first but, with improvements in methods 
of cultivation and seasoning, it 1s 


very satisfactory raw material 


now a 


Reed Making 
Prior to the middle of the nineteenth 
century the making of all types of cane 
reeds Was a craft practiced by specialists 


working alone or by the musician who 
With the development of 


made his own 
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suitable mac inery, the making of single 
conve rted to a 


As double reeds 


and must 


reeds has been gradually 
mass-produce 1On basis 


are highly intricate be tailored 


{ 


thie requirements Ol 


individual 


sy ( ile 


the Instrument and musician 


their manufacture has largely remained 


nL mands of the individual reed 


maker or musician \ few manutac- 


The 


various instruments 


Fic. 10 worker in the 
ments of the 


the tubes onto a cane-splitter. (Photo courtesy 
turers produce double reeds, principally 
for student use. 

Cane received by the reed maker is in 
the form of short varying in di- 
ameter and wall thickness, cut 
the nodes of donax culms. 


tubes, 
from be- 
The 
appropriate 


tween 


tubes are sorted into sizes 
to the instrument for which reeds are to 
Among the single-reed instru- 


K- B-flat clarinets and 


be made. 


ments, the or 


background is sorting cane 
The worker in the foreground is splitting the cane by driving 


SOprano SUXOPho ( 


Dass ¢ 


Zes*: the 


phone require Tie 


double -reed Wstrul 


nre used [ol obo 


lo! bassoo1 reeds 


Sil ol reeds are 


7 to 10 em 
evel 


long 


(36 


tubes according to diame ter require- 


of French American Reeds Mfg. Co., Inc 

into quarter sections with a cane split- 
ter, a tool consisting of four sharp metal 
blades, set perpendicular to one another 
near the tip of a vertical shaft, in ap- 
pearance somewhat like the feathers that 
guide an arrow. Tubes of cane are placed 
the 
The 


into 


on the shaft and driven down over 
with a 


quarter sections are carefully cut 


blades wooden mallet 


appropriate lengths with a saw. 
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] a ( { quarte Vict | I » oO} r it) le Is LPPWON) 
S 0 < ) ind ( ! ely O75 to 175 1 | | ickne ss 
cum . 4 ( ed oO the nd the base o e blade is 3.20 to 3.65 

CNM O shied eed Phe 1) nt ckness 

! ( SU 0 ~ ead OT ( a ( Nisher reeas re spot Caste 0 
su 0 - ( ( =10 | = hic Dut oO Ol tli ceeds 0 
) ( ~ s \ TI ( =() CHI ye “OO ONO CC] P Ol ) 
0 ( 0 { { ( CK I I CeUs ( aed - Oo 

0 ( ( t ~ eng | eo mo rie ~ 0 er 


ii 1] Bag is jormed { 1A 0 onaxr Cant A and B Jase and tenor drone 

is hese sing] is do n liffer appre bly from those emploved with ancient Egyptian 

1 Mes in 1 instruments The cord w ping at the base serves for tight insertion 

Ss e! ] rd wt ng can b noved or down to adjust the tone ot 

I reed I ‘ | he f end by I 1 ores of which are sealed 

vith beesw ( iD Doub] eeds for pra ‘ } 1 cl US.D.A. PI ) 

s s i W ( Stol J 

as papel The portion removed is cut soft to very stiff This quality is moré 

away by a plane passing over a jig in an indication of the shape and thickness 

which the cane s set with a patter of the blade and Is not greatly affected 

The surface of the blade is finished wit] by the nature of the cane from which 
sand paper; the paper-thin tip of the the reeds were made 

blade 1s filed square and then rounded Double-reed manufacture is consider- 

off with a guillotine-like trimme ably more complex than the manufac- 

\s an example ol the dimensions oO! a ture of single reeds (3, 13) In contrast 

finished single reed, a small size for clar- to the single reed, the flat surtace Ol 


inct 1s about 6.5 em. long and 1.1 


em which is clamped tis htly to the fla 


out- 
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mouthprece, the medulls 
e double reed must be i a a ee ee Se 
‘urved so that it can 
Ol bocal 
oined to the instrument 
a slender brass tube. the basal end 
{ in cork for firm ins 
trument While the 
consist I hort section of 
it one 1a i thin edg 
qgoubie reed Consist a long piece Ol 
ie, scored and then fol | the mid- 


nsion at thre 


midpoint 
Oboe reeds I manufactured from 


, ' . 
ine tubes I ‘ ‘mm. 1iong and em 


and I : trimmed 
ana ; 
a uniorm wiath and 


niform length Phe 


sections ¢ )»1 a machine, and thi 
r surface gouged to such a d 

the cane is about .6 mm. thick at 

thickest point and tapers uniformly 

lves. In order to close the grain 

by rouging and to smooth hye 

surface, the cane is seraped with a cireu- 

lar blade arranged somewhat like that of 

the familiar glass cutter 
During the subsequent steps thre cane 


Is re peated|y soaked in water to simplify 


cutting and bending The eane section : 
Fic, 12. Stages in the pre} tion of « 


ub 


; ath :' 
Is placed on an easel (a rounded, dowel- cas From top to bot! 
eedas om oO! ( ot m cane tu 


like support) and transversely scored at cide: weal tleak 


quar 
mudpoint ol the epidermal surtac medu 


lar surface; blank witl 


nple 


h a sharp knife, just cutting through 
hard outer tissue It is placed ovel 

the edge of a knife I; and folded , — 
’ . , on to conform to the outline of the blade. 

double along the line ol the shallow cut 


pe i The shaped cane is straightened and 
The wet cane is then placed In a shaper ] 7 ] 1 4) } 
a ; ge placed on the easel, and the two ends 
This tool consists of a blade that is ny } bast ] Saal } 

| ; are beveled on the epidermal edge with a 
ros at the é 1 ti rss hs ] 4 ] ] | } 

road a e end and taper omewhat file rhe cane, still wet, is folded again 
toward the base, where a clamp is set on and th edges are smoothed with fine 
each ot the two surtaces to hold the ends sand papel 

of the cane in place With the cane A tubular staple is inserted between 


folded over the shape r blade and the lree ends ol the folded cane to a 


clamped in place, the edges are trimmed distance of about 1, inch, and the ends 
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amped 1 


wire ll ‘nha manner that 


ner complet 


ne reed Come 


togt 


beyond thie 


Is wound tight ith fine 


e wire is then removed and 


the winding compl ed down to thie cork 


Fic. 13 the 
trimmed and gouged cane section, gouged surfac 
blade folded 


Photo, cane courtesy of Jack Spratt 


Stages in preparation of bas 


cane with partly cane with 


cut; 


file, 
the 
edges are beveled to form a gently in- 
clined triangular shape. The 
two terminal edges are filed until only a 
few unsevered fibers hold the two reed 
elements together. The tip of the reed 
block, and minute 
portion is cut off square, separating the 
With thin 


first 
two 


the double reed over 
1 then the 


i 


end ol a 


one edge an other, 


Oo 


face of 


is placed upon a a 


two cane elements. a oval 
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plaque insert etween the tips of tiie 


two elemen he lav is until 


scrap d 


the corner of the triangle most distant 


As been rounded The lp 


and minute 


apt tl } | 
apt we reed 


equirements of the individual 


Instrument 


left to right tube. 


1 gouged-cane: 


soon reeds From 


howing: 


blade p 


cane 


sh 


irtly cut 


shaped gouged- 
reed. (US.D.A 


per 


completed 


a small wet 
shrinks 
wrapping 


covered with 


sheet of filmy material that 
dry When dry, this 
the silk winding are 
a special reed cement 
Preparation of reeds for the English 
horn does not differ significantly from 
ol the but 
requires larger cane and certain larger 


when 


and 


preparation reeds for oboe 


or otherwise different tools. 


Double reeds for the bassoon are pre- 
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{ 1 t } } ished more or less in the 


pared Trom cane tut ! ‘ | { 


qametel Thev li lmed, an Same manne r as deseribed tor obo reeds 


{ Ize % wid 2 t ‘m he comp! 1 reed is removed from thi 


rouged 


25 mm ick at the t andrel and a ‘hed to t hoca 


ibout .6 m1 long ig t Instrument 


Production and Prices 


300 000 pound 
10.000 to 50,000 pound 


irers produce 15,000,000 to 20,000,000 

11 t that eds annually and market about one- 

finally surround the tul i apl ird of th in Nort merica \p- 
veled with a file t proximately 20,000 pound 


Hoealt Are at 


le Ol about 15 With Tie i 11d produced in the United 


i block, the remaining epidermal American manufactur 


ire scored lenethwi wit! f 5,000,000 to 7.000.000 reeds eae 


two portions tl Will I The total quantity of reeds s¢ 
United States imounts 
10,000,000 to 15,.000.000 a1 


; 


ihout 1 mm ipart ibly 95° of these are sine 
The cane is folded at the mid-point and 1 nd saxophon 
the two end AT’ doubled together with ‘an grown Cane 


scored epidermal surfaces on thi ide iced about 40 cen per pound 

and bound together firmly wit] | 1d Spanish cane in large lots is 

pieces of hne wire The bs l i 1 at & $1.95 | pound for 
ly along tl 


mandrel, 


he reed d y | inal yy | cane sell for Oo S850 nel 


preparation Mexican ean is currently quoted 
The two faces of the 1 | are tapered $2.00 per pound 


down to the tip with a file. The reed is Single reeds for clarinet and saxophon 
then placed on a block and the tip cut sell for 20 to 60 e« nts apiece; single reeds 
away squarely, separating the two cane lol bagpipe drones are about 25 cents 


elements. A flat plaque is inserted be- each. Finished oboe reeds are valued at 
tween the tips ol the reed, and the faces $1.30 to $1.75, and finished bassoon reeds 
are seraped with a knife until they at $1.50 to $3.50. Double reeds for bag- 
vibrate freely when plaved The th} pipe chanter cost 50 to 75 cents 


and edges just above the tip of the 
finished reed are very thin, and the mid- Quality of Cane and Reeds 
dle and the upper surfaces are slightly Prior to World War IT, when the cane 


rounded At this stage the reed is shortage was extremelv acute and mu- 
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Possibility of Cane Production in the 
United States 


4 question that good-quality ¢ 


us : 
in this country Mueh m 


til 
\l 


] 
lOTr Making ] con- 


\ ] 
howe a l a& consistently 


4 - 


cood product . marketed, and it 1s 


: questionable whet] such an American 
ore denst in ordinary product a1 compete cost-wist with 
ith loose fibers French ¢: under present conditions 
yOrous unsatislactory ! 
he finished reed, the it hould in France only a small proportion of the 
to the tip. The reed should pro- Vi ld is considered satislactory for mak- 

ate correctly at ing reeds. <A 


t 


As pointer ariel ! aper, even 


signihecant portion of the 


instrument. For quick French growers’ income is obtained from 
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~ e ot lower grade suppiles ror ust I ( i eC] a oO 1) 
iki t “kets Is poles ind oO \ ( rnetv o1n ( = int l IOX- 
e outiets Oo absorb cane il : ¢ teCAKWOO et Li¢ | 1b) =\ 
| \ 
0 l i { pul su Warne l ( ( Cs - ory ( . \ .) 
r¢ (it ( | exe ] ‘ < move ~ ( ‘ 
| So V pPosslhb \ i ( rt Du Wi \\ [| 
={ l oO! l ( - ( Cll ) 0) | [ ( ( ~ P) } 
n the U1 States is as a soul , 
( Ist! | | ] =( ~( x 1) 
! ons ~ POss t\ - ( \ l ( 
S100} « emote ~ | ( ( | S ) c . 
\ 1¢ or 1 - mirTpose¢ ec .) ( cry ~ \ ove ( X \ 7 
robably would. restric s gro e dre s fe rhe re- 
e more W =< where ft . lirements Cx r < 


that cane produced in su reas Wi during Wo \\ I] U. S. De 
eC sultabdie or ree - ) Cl ( \ori CX 

\) \ Ameri ( l l " \ =r ( subs « t to 
pri 1 Quanity ¢ " \ develop Ss ‘ roo 
Fret roducet \ - ive i ( ( or cane Peds | = foun ; ; 
sve olog Cul GSsAd il ( An oO \ etny ( 1108 ate — ‘ nid 

yy musi ils ire thnorou \ CONVINCE? co r Is¢ } S ) ox Ponorts. 
that oniv cane trom | ince s su role vere PCE ed P ver 
tributed to i@ manv disma illures O no CO] recente hy ‘ < ‘ ea 
non-| reneh cane is Wi is to tii ood husi¢ ns 
reputation t] il Frencl eane | s lor a Dun ne ect Vi S nut exp ne 
eniove = heer ( { ] T ( ] nu ( ( oT 

\ careful study of atmospheric a lastie reeds and thev rrently 
soll Conditions under whieh eal < } i is n y schoo +} eollea 
duced im southeaste! Franee shou . Plastie 1 ls oe nn ; 
point e way to the selectiol ot the e acceptance of protessio isiclans 
most satistactory American ©] ron- vho compilan oO valet re thie 
ment suc an el ronment rin < slippery natu ot t Ey, eds resulting 
This kely to hye round I ( sout - on ] lack of porosity It ec 
West or western | nited States ( prob = (Al bye ove ye stie nav 
luli study ot the botanical an cronomu 1! tin compiete \ replace eane 0 
( racteristies of the plant. in connec manufacture of reeds from plastic cat 
tion with detailed study of the physical he much more easily cont! d. Plast 
and musical quality ol cant would pro- ! ds are now available for elaring SAxo- 
vide a firm basis on which attempts to phone, and bassoon 


establish th industry could bye made 


Utilization: Industrial 


It is questionable whether the industry 


, 1} , 
could prol tably support the expense ol Chie proauction of vegetative ma- 
the necessarv research terial by frundo donaa is long at- 

tracted the attention of those | 


Cane 


Substitutes 


In times of acute 


shortages musicians 


the production of 


IS30 sam} 


Nes O 


papel 
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rABI 
I DIMENSIONS OF A 
So ig 
Imperial Institute (2 0.25—4.57 
R 32 0.62-2.25 
Onoiry 27 06 -54 
Jay et 17 0.1 -5.0 
Bl & Virman 8 0.S0—2.S0 
this plant by bDolling stem mate! ul 
recelve i yroiongt eatment I 
calcium hydroxide. Increased interest 1 
sp il s beer eX)! <sed period tiiy 
ring tii presel eentury I nations 
where suppiles ( uIpwoot iv¢ De- 
come critically low, especially during thi 
vears just before and during World Wat 


I] 


Fiber Dimensions. In fiber leng 
(Table 1), an important index of po- 
tential pulp or paper strength, Arundo 
compares favorably with deciduous tree 
species, the averag fiber length of whic! 


ranges approximate ly 1 to 1.8 mm 


lrom 
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Leng 
1.52 
1.50 0.012—0.087 OO17 
0.020—-0.025 
1.45 
oduces stronger, more finely textured 
papers. In a comparative study of crop 
residues and native German plants, 
Wilt ind luded 25 species Oot non-woody 
( Sen woody plants Jayvm« et (17) 


reported that {rundo fibers ine I 


aonayr 


ter length than those ol any othe! 


species examined except hemp 


Onofry (27) separated a stem into 
ive sections and measured fiber lengths 
In each separat ly In each s imple , ap- 
proximately 70° of the fibers measured 
ic within the range ot 1.2 to 2.0 mm 

\ test of cane sulfate-pulp on a screen 
classifier indicated that about 50‘ of 


It compares less favo ibly with conifer- the fiber is retained on a 28-mesh sereen 
ous species, in most of which the average ind 35 on a 100-mesh screen, and that 
fiber leneth is 3.5 to 6.0 mm. The lengt 15‘ passes through the latter (14) 
diameter ratio of Arundo fibers 1s ap- Chemical Composition. A summary 
proximately 75: 1, compared with a of chemical analyses of Arundo donax 
ratio of approximately 100: 1 for fibers culms is given in Table 2. While it is 
rom Hot! aeciaquous ind conirerous diffieult to compare aqaata ot this typ he- 
rees Other factors being equal, pulp cause of the varying methods of analysis, 
Wit i high fiber IC! diameter ratio Thes¢ ligures collectively V1Ve ra good 
TABLE 2 
(CHEMICAL COMPOSITION OF A » De CuLMs* 
) leohol-l zene 
Cellulose Pentosans —Lign ish Aloohol-bensen 
Source : solubility 
Rait 32 12.8 33.6 94 7A 
Tomeo ¢« 9 10.1 22.7 23.4 3.8 10.7 
144 27.5 244 1S 11.9 
Jayme et al 17 24.3 16.4 29 
Bhat & Virmani (8 58.0 1S4 22.0 3.6 68 
Kocevar & Javornik-Kosler (18 8 (alpha) 208 224 2.5 


* All figures on oven dry basis 
+ Includes pecte ind wax 


sé lat 
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indication of the chemical nature 
plant 
| from Bhat and Virmani (8) can be 


attributed to their use i the ¢ 


The higher cellulose analysis (58° ) 


ross and 
method for this determination economical amount 
and Bevan cellulose contains 


proportion of hemicellulose 


lowe r content 


( ross 


In straws 
COMPAS 


(14-82 


Oo produces fine pulp 


ants with tow 
‘an he expected { } 

In pentosan content donax cane 
not 
21%), gr 
woods (2 25%) but contains considera 


tory 
blv more than soft woods (8-14 ) 


Irom bamboo 


bleached pulp 
he other grasses donax cane has a ! breaking lengt] } sample 
ash content (grain straws 5-10°, bam- lenot = meaner renin 
oes ‘ ; 7 : iength i paper require 
boo 1-38%), considerably higher than , : 
a. . 7 cause thie yreak mer it own 
wood (usually under 1%) The silica 


: z veight) was 2,800 m 1d compar- 
content of the culm ranges from 1 to 2% 7 - 1 

Experimental Digestion for Pulps. “?" ana Bry nate secretes 
_ ' sheaths and leaves gave a bl 
lable 3 presents selected experimental a presage ite 

; , , vield of 34.0 to 35.5‘ with : ig 

data summarizing the currently avail- rome 4 os epee —* 5 

shle research on the soda, sulfate, and  [ength of 6,250 to 7,000 m. Canes with- 

bisulfite digestion processes for the out leaves or sheaths vielded 40.7 to 


production of paper pulp from Arundo 45° bleached pulps with 


donax The digestions represented in lengths of 6300 to 6,800 
the table were in most cases 


bre aking 
nh Leaves 
selected produce pulp Ol poor stre neth but do not 
from two or more parallel treatments as effect strength properties appreciably 
2 Percentages cited for wood. bamboo. and When pulped with culms. In addition to 
grain straws are approximate 


i re- 


producing lower yields of pulp and 


lack of uniformity 


unless expensiv‘ 


Item 8 in Table 


o , : 
o provides the 


1" Weieapeartiad Wiest aun: 
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pearance and habitat to Arundo donaz, 
and frequently confused with it in the 
field (9). The digestion produced a 
‘lean well-cooked pulp in an amount 
comparable to yields obtained when 
trundo donax was cooked alone Chis 


pulp was formed into a sheet on a 


D FoR Paper PULP 
rempe Yield us 
ture hleacl | R k 
( 

6 153 70 S hes bre oush 
‘ ed 

3 160 125 Raw material con 
tained 8.1 Mois 

6 153-162 126 Without leaves 
Yielded 36.3°' 
bleached pul; . 

6 153-162 35.0 With leaves. Yielded 
0 bleached 
puly 

6 153-162 Ho W hout leaves 
Yielded 38.3% 
bleached pul 

6 153-162 55.0 With] es. Yielded 
a7 blk hed 

ily 
5 170 12.0 
6 153-162 143.3 Mixed with em 


; 


machine operated at a speed ot 50 teet 
per minute, producing a writing paper 
with satisfactory strength properties 
Tests of this paper machine direction) 
indicated a breaking length of 2680 m 
and a tear factor of 41.1 The burst 
factor was 17.1. Since the pulp from 


these two OTASSCS is short fibe red, addi- 


tion of a quantity of long-fibered pulp 
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00x 

Oo. / Mm 
Arwioo PDenax 

STALK 


Macerated Arundo donax culm, sampie from internode, 400 
(U.S.D.A. Photo, courtesy of Northern Utilization Research 
cultural Research Service) 


Insert 
ind Deve lopm« ut Division 
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would be nec ssary pelore it ould be 
used on i tal speec commercial 
machine 
| irve-scatt Casts ( beer Lice ll 
the United States by Gaylord Container 
Corporation ol 1000 tons of cane ob- 
ned from wild stands along the Rio 
Ci e (14) Cane cooked by sul- 
OCS 10 to 132 ( ( 
NK ( 2.5 3 ours g ( ul Vields 
‘ 0.0 2 4 1s ( ery 
<treng ot 61.4 Ol Yo 
ensile s 1Y <= fro | ) 
! t ~ { 
a7 . oths « 57 d 48 
ne S ( Oo ~ 2 16 \ - 
‘ - { \ - ) { 
- ‘ 
oO ie ! 
- - ey \ ct \ 
( \lixtures cant 
lps sho ( < R 
| cs. re i { { 
l Vv ot cane pu ISe¢ 
xtures of can ha Kraft pulps wei 
Ist oO pro ce = Oo] seve Vvpes 
Smoothe ormatiol n highel ( 
eount in KK il Mappers l Vere 
siower draining on the wire | ( maipers 
on ( muxed pulps vere ¢ oe ary- 
ne It Was Cont ded tl enne = no 
Ssatisiactory 1fi strengt s important, bu 
it may serve 10! ( yroductiolr ot 


oi 
specia papers 


mill-op ra 


A number of 


were 


ing problems 


evident during processing of thi 


cane The la ge quantity of dust cre ited 


by shattering of the cane resulted in un- 


pleasant working conditions. Digesters 
did not blow clean, and washing of th 
pulp was difficult Among other un- 
favorable factors, the high silica content 
of the cane caused serious scaling of 
equipment and created difficulties in 


- 
imquor recovery 
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The entire culm of Arudo donaz 
breaks up comparatively easily, unlike 
culms of many bamboos ind other 
rrasses in which the nodes resist disinte- 
oration The pulps are easily and 


economical! \ bleac ed In COMpPaAarison 


vith pulp from coniferous wood, they are 
of but medium strength because of then 
compal ely ort fibers Howeve 
ev are satisiactory or thi ro ( Ol 
( 1 nd pr ng yp ers ( 
streng ean be Increast CONnSIGeCTADLY 
\ ( on « 10 ot lo { red 
( erous | STrel om 0 
( I Cs Ol- } | i) oo 
| > We eaking ler 9 548 1 
9 650 9 325 QOI7 n ( ete 
116, 113, 114, 90: burst factor 57, 43, 54 
oy Raitt (32), taking into consid 
=} : ( l Zation oO 
ses for paper pulp, considen MAX 
cane to be one ot the ou ! l ! 
SSCs \ De Us¢ lo] s pu 
This grass could be pulped sep 
’ ely Oo } mixture V1 inv ¢ 1X 
other outstanding hh in species Like 
Mulps rol other non-woody plants 
trundo dona ilps have content of 
orelgn natter that is considerably 
her than wood pulp 
Pulps with high alpha-cellulose con- 
el ire desirable for the production Of 
special papers including those where per- 
maneney is a major requirement. They 
are also used as dissolving pulps for tli 
Inanulacture of 1 ivons, cellophane, cellu- 
lose-acetate, cellulose-nitrate, and othe 
cellulose derivatives. A great portion of 
high-alpha pulp is utilized in the pro- 
duction of rayon. A pulp to be used for 
this purpose must have an alpha cellu- 
lose content greater than 92°. a pento- 
san content less than 2.5% an ash 
content less than 0.11% and must be 
lgnin-1res The pulp must also have 
suitable physical characteristics For 
the production of cellulose acetate ind 
other cellulose derivatives, the chemical 
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requirements are more rigid than for 
pulps to be used for rayon 

\cid ivadrolysis Ol raw cane prior to 
digestion, lavors the production Of pulps 
Wit a ilg Lpha-c¢ lose conten (12 
18, 37, 38) The content of pentosans 1s 


L } il 


du i! requetion 


li there is a 


| 
n the pentosan content of the final pulp 
Phi most complete dat Ol ( Le 
vdrolvsis of Arundo donax culms are 
those niven DY Koes Val in Ja orl k 
Kosle? (1S) lor experimental treatments 
Ol material dest ped I Table 2 Pre 
hvdrolvsis of 1 Ss culm matel \\ 
) ind 1.0% HeSO, at 135° ¢ or 3 
ours yvielaed extracted ¢u Sin qual 
es of 77 ind 60 espe ely 
Wit MNTOSAI contents o & 6! I 
7.0 These two extract samples 
wnen digested by thie sul ( nrocess 
(NaOH, NaosS, NasCOs) with 3 ota 
ilkali (as Na) for 5.5 hours at a mani- 
mum temperature of 170° (¢ furnished 
crude pulps in yields of 34 nd 29 
The two erude pulps analysed as fol- 
- ip i Ct L1LOs¢ 87.0 YO.b' 
lignin 4.6%, 3.1 pentosans 6.4! 
tS‘ ish .44° 29° When refined by 
Nneacnil ilka extraction and SeCOl 
bleaching. the pulps contained ilp 
cellulose 95.0 OH 3‘ ‘ nentosans 3.6 
2.9° as 13 11 The refine 
pulps were lignin-free and were produc 
In vields equivalent to 25 ind 22 oO 
e weight of the original material 
In contrast to the two trials cited 
ibove, less drastie aeid hvdrolvsis of raw 
culms with .1 H.SO, for six hours 
135 ( decreased pentosans only 
ightly, from 20.8% to 20.4‘ Wit 
digestion and refinement conditions 
parallel to those cited, this trial vielded 
29° of refined lignin-free pulp wit] 


88.5°° alpha cellulose. 6.6% 


14 © ast 


pentosans, 


anc Closely comparable 


re- 


sults were obtained by Tomeo et al. (37 
3R ) employing 1% HoSO, at 120° C. for 
30 minutes 

Experimental hydrolysis of raw cane 


DON 


wit nitric acid 1s reporte by Dupont 
ind Escourrou (12) er « 1 Inciuas 
SO many iriables 1 it generalizations 
ire diffieult \ samp reviously ex- 
racted Wl bol Ing wat O 2ive a 10 
Iry extract, whet reat vit 5d 
HNO 100° ¢ or 2 hours vielded 
IS.5 of drv ex ete ning 14 
cing sug Digestion of the ex- 
eter ©! \ Qy NaOH at 100 
( ( | our vielce 13.4 of crucde 
uulp Hvdrolvsis . e wit 
24 HNO LOO” tor 3 irs 
vield 19°° drv extract col ning 27 
reducing sugars. Digestion of this ex- 
rete esidue wv 12.9 NaQH 
Lia ( 2 hours vie $1.4 O 
\ ) The erude up contained 
8] cellulose By bleaching ( 
( lose Co ( Vas ( = 0 
5.2 r ( rte gears pe re 
CO ( oO ex ( ents 
Such sugars obtains < duct o 
voo ulp istry 1 ( ( 
0 } e produ leoho 
rll World IT were us oO grow 
veast which supple yrotein supple- 
nel lor the Grerma rmny 
Industrial Utilization. Alt gh con- 
siderable attention has beet en to the 
otent itiliz on o | to 
iD nd diss ng pulps, only 
one stance s = I « Is¢ Ol 
i -S( ( is Sic P) r to 
World War I] e Italian government 
enceo or the developme O new 
sources of ravon pulp (4, 24, 26) lhis 
erest Was stimulates rll lv by the 
eSITe e dictato » to be inde- 
endent o oreign sources textile 
hnbers ind ( cesire oO! I expo 
roduc It Was recognized t n im 
mer ite SOUTreE a) raw ) er) vas 
needed. that the designs « e dictator- 
ship could not wait 20 to 30 vears for the 
establishment of coniferous or deciduous 
tree plantations Recognizing that 
innua crop residues eould not be 
utilized, beeause of technical and eco- 
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nomic problems, attention was directed 


to the development of a new crop as a 


source of industrial cellulose Snia 


Viscosa, a lares te xtile corporation, con- 
ducted a program of rest arch on all ma- 
terials that offered 


As a 


Arundo donax was selected 


any pote ntial for this 
this effort, 
as the pre- 


purpose result of 
ferred species, because of its large vield, 
ease of preservation, and high content of 
top-quality cellulose 

Although later developments indicate 
that Arundo 


nomical source of pulp, the new venture 


donaa was not an eco- 


was initiated with great enthusiasm 
Plans were drawn up for the construc- 
tion of a factory to use Arundo donaa 


and 
supply 
Favored by the personal encouragement 


ior an accompanying plantation to 


the necessary raw material 


this 


of the dictator Mussolini, work on 
agricultural-industrial complex was in- 


itiated in 1937 \ factory, town, and 
farm were established at a site later to 
be known as Torviscosa in the vicinity 


of Udine, Venezia Province, in north- 


eastern Italy The farm, established on 
land reclaimed Irom a marshy pre- 
viously uncultivated waste, originally 
covered 6,000 acres By 1941, donax 
eane had been established on 7,500 acres, 
and plans called for a final holding of 
15,000 acres to be in full production by 
1943 


The 


and thei 


plantings 


maintenance apparently 


establishment of new 


fol- 


lowed the methods deve loped by Onofrv 


(27) 


This system consisted of dividing 


the fields into strips 2 m. wide, alternat- 


ing with strips about 1.3 m. in width, 


a drainage ditch .3 m 
Rhizomes 


rows 


each bord read by 


wide and 3 In deep were 


planted in east-west along the 


northern borders of the wide strips and 
the 
In fields established on hillsides 


were permitted Lo toward 


expand 
south 
planting was arranged so that expansion 
would occul up-slope 

By the the 


fourth year, initially 
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planted strips were densely covered with 
Since the original rhizomes 
had become exhausted, cane production 


cane grow th 


in the area initially planted had greatly 
diminished, and it 


Was necessary to re- 
move the dead growth 

In the the young 
rhizomes were allowed to expand toward 


the 


following years, 


south into fresh soil, and the ex- 


hausted rhizomes were removed from the 
the By the 
eighth year the cane shifted completely 


opposite bord r ol strip 


on to the strip that was originally bare 
This method of maintaining the fields 


allowed the cane to occupy only half the 


area during any one season, and th 
strips that were free of cane could be 
planted with legumes to improve the 


fertility of soil 
The 
the most satistactory lor maintenance ol 


high 


thie 


Onofry system was regarded as 


lds Production and 


sustained vik 


quality of the cane were increased by 


greater exposure to the sun, improved 


drainage, higher soil fertility, and _ re- 


moval of exhausted rhizomes 
According to figures made public by 
Snia Viscosa, the 


tion at 


average annual produc- 
Torviscosa was 35 tons of green 
(24) 


tons o] 


From this could be 
dry 


cane per acre 


obtained 15 cleaned 


cane 


which served as the raw material for the 
high 
This yield of 


pulp was considerably mor¢ 


production of four to five tons of 
quality dissolving pulp 
than could 
The 
from this 
a production of 65.000 
10% ot 
that 
the 


above, natural ‘stands of 


be obtained from an acre of forest 


ultimate oal was to obtain 


o 


one establishment 


tons oO! pulp per vear, the total 


Italian requirement at time 


In contrast with Vit Ids cited 


Arundo donax 


in India are reported to yield 3.2 tons of 


dry grass per acre yearly on a sustained- 


vik ld basis (32) In one area a plot of 


natural cane Vit lded five tons of dry 
grass per acre but this area was not 
fully stocked; the vit ld for a fully 
stocked area was considered to be six 


tons per acre. Another sample area 
vielded a phenomenal 43 tons per acre, 
but the crop consisted of many persistent 
old and 
represented the growth of a number of 
In the United States, fairly 


cood 
wild stands are reported to yield 81's 


bases of culms undoubtedly 


vears 
tons of oven-dry cane per acre poorel 
stands yield 5', tons of oven-dry cane 
(14). 
plantings, 
reached full production after 
three years and were expected to con- 
tinue 


per acre 
Italian 
rhizomes, 


established with 


} 
t 


at full efficiency for at least ten 

Afterward, the fields were to be 
renewed by removal of the old rhizomes 
The fer- 
tility would be restored in part by he AVY 


years. 


and replanted as necessary 
applications ol manure 

The harvested 
winter and allowed to dry 


cane Was during the 


for several 


months in the open At a later date, the 


harvest was collected in large piles and 
covered with cane in such a 


After 


months to 


manner as 


to shed water seasoning 10! 


several additional “assure a 


degree of material 


unilormity, the Taw 
I 


Was transported to the mill as needed 


At the mill, bundles of cane were crushed 
between rollers and then passed through 
a chipping machine to eut the culms into 


fragments about *4 inch long. Seeds, 


leaf and sheath tissue, and a portion of 


foreign material were removed by ma- 


chinery and returned to the farm to be 
The 


large silos 


used as bedding for cattle cleaned 


material was stored in irom 

which it Passe d to the boilers by gravity 
The 

boilers where the sugars were extracted 

with 100° C 


then conveyed to storage bins above the 


cleaned chips wert conveyed to 


water at The chips were 
digesters 

The extracted chips were cooked by 
the bisulfite 
stationary digesters to 


calcium process in 


remove ignin 


and some other non-cellulose substance 


The crude pulp was released into pits, 


washed, and 


passed to a machine to 
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break up fiber aggregates and separate 


out the portion that was not sufficiently 
disintegrated It was then passed into a 
separator, where sand and other he avy 
lmpurities were allowed to settle out 
After washing, the pulp was cooked with 
mild eaustic soda to remove silica and 
other non-cellulose 
After the pulp 


was subjected to a multi-stage bleaching 


most substances 


again being washed, 


process to remove the last traces of 
lignin. It was chlorinated, washed, and 
extracted with 10° caustie soda Fol- 
lowing an additional washing operation 


he pulp was treated with hypochlorite 
bleach and given a final washing. The 
refined pulp was formed into sheets on 
These 


moisture 


machine 
20)‘ 


were ready for use in the rayon mill 


a Fourdrinier-type 


sheets containing about 


, 
refined 


31% 
7 ! } 


re port qd to have 


The vik ld of pulp was claimed 
| The produet 

contained 97% alpha 
2.4% pentosans, and 0.10% ash 


fibrous 


to have been was 
ge 

cellulose, 
The 


sufficiently 


material that was not 


the 


first cook and separated out before the 


disintegrated following 


second cook was used for the manu- 


facture ol wrapping papel 
Kthvl | 


alcohol 
product Ot the 


was a valuable by- 


industrial process 


I 
obtaine d 


The 


hot-water extract Irom the 


crushed chips was collected In large 


tanks from which it 
othe r 


storage was drawn 


into tanks where the sugar was 


fermented to aleohol Distillation of 


lded as much as 


the fermented extract y 


o4 gallons of 95° ethyl aleohol for each 


The 


sugar 


ton ol pulp produced cane 
14% 


(24) 


Publicity associated with the opening 


ttl 


was 


reported to contain 


of the tactory and its 1940 expansion, in 
industrial and technical journals as well 


as in press notices, indicated that the 
industrial utilization of Arundo donax 
for rayon pulp by Snia Viscosa was 
highly successful and apparently eco- 


nomical. At that time, however, certain 


Italian sources of information indicated 


d from Yugo- 


‘tion of rayon pulp from 


a part ol Wor d 
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BOTAN \ 
terial \ second factor that influenced 
production of this material was the 


} } 


marked decrease in demand for rayon 1n 
Italy during the post-war vears. Prior 
to and during World War II the Italian 


covernment forced 


consumption ol 


rayon textiles and thus strongly preju- 


diced consumers against the product 
Reaction against this policy resulted in 
deereased demand when United States 


trundo donax has recently been ex- 
piowed Aas a souree Ol papel pulp im 
Argentina In 1952 a plan 


5.000 acres WAs reported to | 


| 


established tor this purpose it | 
During that season an additional 1,700 
icres were to Ve been planted Ist ib- 
lis ment ot the p intation tollowed the 
methods developed in Italy by Onofry 
(28) Additiona Intormation on this 
development is not available 

Ambitious plans were formulated in 
Frane In 1942 ior the de velopment ol 
a domestic industry for the production 
Ol papel ind dissolving pulp lrom 
1 nao 1onaa (1) hese plans ca led 
ror the constructor ol i arg tactory 


and the pianting ol 12.000 acres of Cane 


in southern Franes In addition, the 


emMmptioV thre methods used by Snla 
Viseosa and was expected to achieve { 
Nl capa V ol 1) tons pel day ip- 
proximately one third of the French re- 


quirement 


This industry did not become estab- 


terial waned as Imports ol established 


raw materlais became available Re- 
centiv, however, interest 1n this source 
of cellulose has again been indicated in 


France because of the shortage of foreign 


currency, which has resulted in a sub- 


stantial decline in imports. This newly 


NDO DONAX 


aroused imnterest. 1s 
no mntormation is 


path the industry will 


Recent interest in cane as ire I \ ; ilorcement 


Ip has been expressed in Yugoslavi ul utilized 
(18) Apparently eff » th re, particu 


I an experin 


Utilization: Minor Uses 


, 
rundo adaonagr is a ve 
and has been wide 


a varietv of purposes (10 


In many local 


upon 
Cullis 
ippilications in the 
iround the Medit 


larmers mamta 


basket work 


woven into mats 
construct chicken pens o1 


spillage Ol grain trom box ear doors 
In many areas where | | 
available or obtained only 


perse, t culms are usec lig ‘on- { | 1 comparati\ 


struction Phey \ ti f phosphorus in the 
wae 
building of crude I al vel hen grown on soil 


limited appheation y truction t | low content of 
of permanent buildin f formed t] investigators report 


from split culms ar l] it y rurkestan camels never tou 
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although they readily graze other coarse 
plants growing with it (29) 

Medicinally the rhizome has been used 
as a sudorific, a diuretic, and 
and in the treatment 

alkaloids, 
donaxarine, have 1sO- 
leaves (23, 29, 30). The 


originally isolated from barley, 


as an anti- 
lactant of dropsy 
(21). 
axine) 


lated from the 


Two gramine (don- 


and been 
former, 
the 
administered in 
doses cause a lowe ring ol the blood pres- 


raises blood pressure of dogs when 


small doses. Larg¢ 


sure ol dogs. 


During World War II, an American 
concern used small pieces Ol cane cut 
from defective woodwind reeds in th 
manufacture of certain scientific instru- 


Food 


ments combination of light weight 
, 


and mechanical strength re adily 


material to this purpose 


during World War 


adapted the 


In southern France, 


Il, large quantities ol cane were woven 
into large mats and used to conceal 
roads and paths trom enemy View 


bee n 


Arundo 


frown as an 


donax has frequently 


The 


} 


and 


ornamental inflor- 


escences have used Io! 


been dyed 
decoration 

An early 
manutacture Ol 


Englis} patent covered the 


a textile fiber from 


} 


Arundo adonaxr { 15) Che process Called 
I 


for splitting the into long strips 


by passing them between heavy rollers 


treatment in caustic solution, 


fibers suitable for spinning were sepa- 
rated out by beating the material on 


The fibers obtained 


14 inches long and could be 


wooden blocks 


were about 


processed in the manner used for hemp 


Possibility of Industrial Utilization in 
the United States 
The 


plants in the 


utilization ol non-arboreous 


production of pulp creates 
many problems that place these ma- 


terials in a disadvantageous position in 
re lation to wood Problems are cre ated 
by their bulk and the necessity tor thei 


seasonal harvest resulting in greater ex- 


BOTANY 


Pulping 
of these materials requires larger quan- 


pense of handling and storage 
tities of chemicals than does the pulping 
of wood and necessitates the employment 
of special methods As an agricultural 
crop such plants must compete for space 
with other plants currently established 
In larming systems 

Arundo donax from natural stands is 
reported to be a satisfactory pulp soures 
India 
The plant apparently shows promise as 


under conditions prevailing in 


a satisfactory cultivated raw material 


in Argentina. In Italy, however, where 


considerable experience has been gained 


in the industrial cultivation of cane, th 


pulp industry relies on less costly im- 


ported pulps or pulpwoods 


Under the limitations of our present 


knowledge, non-arboreal plants when 


cultivated as a source ol pulp “ure unable 


to compete with wood in well forested 


areas. Even in poorly forested countries, 


non-woody plants used for this purpose 


are obtained largely as agricultural 


residues or from natural growth 


Under present conditions, A donax 


! 


does not offer very much potential as a 


cultivated crop for the United States 


However, among the non-woody, rapidly 
growing plants, this species is one of the 
cellulose, and 


highest producers ol 


present status will be altered as 


thie In- 
pulp will 
1or 


plants 


tions ol puip industry change 


creases in the cost of wood 


ate a hye tte! 
A donaa 


, 
potential ol 


competit 


ve position 


and other non-wood, 


cane as an industrial 


ant of the future is sufficiently 


vreat 


hat some attention should be devoted 


now to research on its agronomic prob- 
ems 
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Proceedings of Economie Botany Conference 


Introduction 


Tuesday and Wednesday 
13, 1958, a smal 


On 
roup ot 


met 


COnTE 


rt. Battell 
Memorial Institute; irles Heise 
Indiana Universi r. W. H. Hodge, 
Longwood Gardens Jones 
[ : Jt be GS y 
Institute; Dr. R. D 
Agricultural Experiment Stat 
MeClintock, California 
emy OF Sciences; Dr. ] Nickell 
Pfizer Ine er. 4 
Rick, | hiversity ol 
ard 


SIty ; 


Quentin 
s 
Bove I 


Lewis 


Ol} 
son lexa 


lO! 


liz ibet] 


and Co., 
California; D1 
H irvarad | 
rd Stebbins, | 
California; Dr. Ch: 
DuPont Experiment Station; Dr. L. O 
Williams, Us 1) \ 
New York 
cluding Dr. W. C. Steere, Dr. David D 
Keck, Dr Maguire, Dr. Arthu 
Cronquist, Dr. Clark Rogerson, Dr. FE. H 
Fulling, and Dr. David J. Rogers 
The conference 
W.C. Steere, Director of the 
Botanical Garden. 
value of the study ol plants ol economic 


evans Schulte a. 
Dr. G 


=Ityv ol 


hiver- 


hiver- 


Ledy 
Todd 


] 
ries 
Lit 


staff members 


and 
Botanical Garden in- 


Jassett 


opened yy 1); 
New York 
He pointed 


Was 


out 


+} 
try 


significance, the importance of basie bo- 


tanical studies for the national welfa 


possible by 


Mek 
Executive 


e conterel bit 
Mi 


i member Ol 


( Ni \\ 


yenerous Gilt trom renee 


Crarder 


DR. FRANK 


\. GILBERT 
Battell / 


Vemo / 


All botanical areh at 


rest 


research institute is applied or, in 


} 


words, economic botany \ considerable 


portion is chemurgie and is concerne 


with the upgrading of a crop or plat 


product, or with uses for this product 


*Mi: died on January 3, 1959 


Lewis 


Botanical 


an industrial 


T 
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Much but not all of this research is pub- is taught by a pharmacist. Some courses 
Is ed because the results are the prop- ottered by the aepal ments ol geography 


and economics are actually economic 


erty of the company sponsoring the re- 
senr ind not o1 tie institut The botany It would seem to be advan- 
sponsor mav or may not choos to keep tageous lor seve ral departments to have 
the results confidentia Interesting sub- their students take economic botany 
ects 10! aqaitiol researeh that develop taught by 1 botanist rather tf in to offel 
in the course ot a project are pursued a variety of courses Wil nearly the san 
only if the companv concerned Wishes to subreet matte one to a department 
sponsor then Mianv of the smaller colleges do not 
One advantage that an industrial re- 9 offer a major in botany but rather in bi- 
= reh institute is is the abpiity to work ology, and where thie cdepartinent Is very 
on a problem wit manv tacets 1m sev- sina the stress Is on zoology, sometimes 
eral Tie ds No potanist. no matter how wit] botany oftered by a zoologist The 
broad = field. could handle sue prob- fact that practically all colleges have 
em alone. but he is an important cog in — pre-medis nd pre-dental curricula may 


t Ww! v0 the reason tor the zoological trena 


: . , 
m certain proj- | ike the term economle botany be- 


field cause it has “botany” in it. I am some- 


time some- 


ment are not iIscd to full rmvantage it thing heeomes usetu it is taken AWAY 
} + + ] ] ’ 

i times DU iv¢ o be kept in readi- from botany Several fields have been 

ness nm Cust r1inew project requiring tThnell mentioned iwronomy, hortieulture 

ise 1s started plant breeding, forestry, plant pathol- 

‘| elmportance OL the flowering plants ory bacteriology actually the peopl mn 


econ 


sized, and with due justice, but in recent In regard to the mention of plant In- 
; 

vears t] conomic value of the crypto ventories, | should lke to point out that 

is is been increasing raplaly in in- taxonomic monographs and floras are 


rtal Hot in ft irug heid ana perhaps son ot the most Inportan 


trila ! ( ant inventories I certainly feel that 


in treatments fa new plant be 


su 


comes 


[1 SOM universities, economic botan\ niue to the pinnt breedel thie igrono- 
s glvel : nile or cultural course nad nis and so ol We ean't overlook the 
s oltel taug Dy Instructor no vild plants elt er, tor in orael to under- 
{ ll hn economic botany Phe cours stand cultivated plants, we have to know 


is frequentiv taken by students 1n othe! something about thell wild relatives 
fields who requir few hours 1n the bio We have been discussing the possibil- 
ogical sciences itv of bringing new plants into cultiva- 
Perhaps the university, in the school — tion At the same time, I think we 
ot pharmacy, offers a course in economic should bye concerned about losing sole 


botanv teaturing drug plants TI is cours ot our old culti\ ited plants Many I - 
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dians in the United States, | understand, is my impression 

now find it easier to get their seeds from much Of an 

stores instead of maintaining their old he courses 
strains. To meet such a need as this : an perhaps be 

seed bank of Indian strains of eorn h: LeAciie 

been established to preserve as many In botany 

dian varieties as possible, but there arc nn institutes for te 
other cultivated plants which are disap- i fine job. but we need 
pearing We can never know when som it the high 

Ol these might provide valuable genes good botanists 


a new breeding program, and rela our field 


ly unimportant cultiva ed plants to- From my own exper 


could he marr ones tomorrow nome botany courses 


} 


one ol thre topics given to me 1 - ’ a great deal 


cussion Was that of increasing } l t have no idea 


economic botany Tl is problem is close \ courses ¢ offered 


related to Increasing interest in botany eountry It might | Int ting to have 


in general. I think p: he problen nformation on thi in More such 


would be solved ll we had greate! hi- ‘oul } heip, but ] theult to 
ployment opportunities for botanists ul alre: vererowded cur- 
TI is no particular difficulty at ricula, and then too, we want ou 
Ph.D. level, but the employme nt op} den t F more m: ematies, more 
tunities at the A.B. level certainly ai inguages al n would 
not numerous I was interested to learn be a good hing lor a “nist Nea 
Irom 1) Rick that at he | hniversitv ot ntormation on economic | mn but I'm 
California at Davis th are not enoug beginning to wonde) Ww ’ iccom- 
students to fill the jobs ;: allable This 

I think, refleets in part the difference be- 

tween the agricultural school and thi conomie botanist’ 

liberal arts colleg True, presidents Ol probably agreement 

large industries are stating that they economic botanist 

want people with broad training in thx yractien 
liberal arts, but unfortunately their , 
placement bureaus are either not aware 

of this or they ignore it, for they turn to 


hool ol business and colleges oO] 


t 


, should contin 
the se 
1 . Mis tXONOIIsTS, DHVSLIOLOLIST 
agricuiture mstead ol I colle s 
_ Son 


arts and sciences r. Nickel] 
IV econo 


ink Dr. Hodge made 


COMMeENL Vest rday WI 


that industry will be el: to take 
good college oraduates In botany, hut 
here we are competing with them 
CHnCeCOouUrTAgE the best stuck nts to go | hat il was possible 
the Ph.D plants for study 

There are, of course, Many other things cultigens It may 
that can be done to stimulate interest in the problems in the 
botany One which I should like to men- too involved to turn 
tion relates to the position of botany in fora Ph.D. problem, | this is certainly 
high schools. Most high school students not all groups. We have found 


are exposed to a course in biology, but it son the genera which nelude orna- 
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nentals particularly ewarding as stu- on econonie plants included in the ou 
adel prob YS - nding years course in systemats bo 
| oul =( K¢« 0 sk ere ] t 1s any ot the hignel plants given by Ray 
ot true t t the botanist. particularly, Ixthan ‘Torrey at. the University of 
xonomists ive more or less shunned Massachusetts This was supplemented 
cultivated plants and weeds If this is indirectly by contacts with friends en- 
rT Il would K« O KNOW WHY Could rolled in the course in economic botany 
ese ] nts re more difthi- offered by Oakes Ames at Harvard Uni- 
qd ones? (Certainly vhel versit\ | iter taught economic botany 
) = ) V hie ne ul ‘ V ievel lor several years 


ere raya po ) ned \ ere Ork l economy HDOtLANY 
‘ ( ate 6 ‘ S80 ted Lo yoo (, aens 
( ) ( 1K cs fe) ( = ( ies oO! ~ 1 1) nt (iis) \ 
Wi ( ‘ ( x cle re \mo = ne ( SDLAVS { 1) 

‘ ‘ ‘ ‘ ou eV examples ot eceonomice plants 
ybyle ( one ‘ t economiu botany Dy deti rf) 
4 as ‘ ; ; | S sceipline covers ( vhol mid 
one ra e eng ‘ or < “ we ot bo ny CTEV' ere CXIsSt CCC 
oo ( { ( S ( ) ons Sut 1) ‘ KnHoOW 


( ( 1) | oul K¢ O ASK euiture, but certain o er essential phases 
u w { d industry to e not, usually for lack of proper funds 
e extel ve shy or the support « \ few comments are perhaps 1n ord 
our students ( exe ( ~ on econonnue bo ny ind its re 
Mv first impression o new orgal onship to the botanical garden. Bo 
7 on ot econ c ty ats 1s t si hic yparaens begun As }) ices to grow 
ve already ive sO 1 nv socretr Why plants, mostiy economie plants Phese 
int other one? ervthinge consid- first gardens were usually medicinal col- 
r i owever, I can se rue merit mn ections started by ipothecaries or ¢ irly 
organization ot economic botanists phvsiclans interested in plants OF use In 
I suggest that afte ve completed medicine. Such gardens expanded down 
preliminary steps tor suc in organi- throug! he vears to evolve into those 
zation we conside} fhliatine with the Ke thi New York Botanical Garden 
LLB We would no‘ necessarily have with its fine collection of living plants 
to meet with the biologists everv vear. which are, for the most part, labeled and 
but I think there would be advantages hence readily available for study The 
to being a part of the A.I.B.S pioneer botanical discipline, taxonomy, 


ct veloped hand in hand with the early 
DR. W. H. HODGI hotanical gardens. To assist with the 
haming ol plants and to provide perma- 
nent voucher specimens, herbaria were 


My interest In economic botany Was also established as part of the functions 


first generated in the very excellent notes of botanie gardens As the vears went 


PROCEEDINGS OF 


discipline = developers 


In botanic until today the VOrK 


in a large institution like the New York 
Botanical Garden represents a Cross-se¢ 
tion OF all botanical sciences 


» tay + ‘ ; vy) 
Besides these functions of botani 


dens is the tunction of education tor the 
general publi This is done generally 
rough mrorma ictual contact OL the 
puble with plants Also importa ur 
e otferimgs ot practical short courses 1 
ous phases oO horticulture or basi 
botany Usually the pubhe’s primary 
nterest mn plants i i botanie garden are 
vith those whieh have economile thot 


henee thre 


ectiol 


ince OL a HAVING co and thre =sO- 
ciated )) ovgram Of short Courses 

Another funetion of botanic gardens 1s 
e introduction of new plant materials 
Lol horticulture In recent Vears Many 


DOtANIC oar ns, because ot lack of funds 


ive been unable to foster the aectua 


plant exploration which is often required 
for suecessful plant introduction of new 


Long- 


Gardens supports this type ot en- 


materials The new program at 


vood 
significance, 


adeavor and is of particulal 


issistance ls now by in 
riven on a sustained basis to explore fo1 


ind mtroduece new or Ltt known oOrma- 


mental 


U.S.D.A 


the explorations 


plants. Funds transferred to thi 


enable it to actually ¢ out 


aiong With that organi- 


zation’s regulat program {01 the intro- 


duction of agriculturally signiiiecant plant 
veri plasm 


Before we ean have dyvnamie work in 


economic botany < ee need some eCeonomn 


botanists: and bye bore both Ot these can 


he 


In botany {as 


1 


a taken enre Ot, We 
lack of 
well as in other 


need botanists 
current interest 
sciences) as a career Is, 
I feel, due to outmoded methods of teach- 
The inelusion of 


ng this science more 


economic botany in elementary courses 


would be 
the 


one Way to create 


nterest mn 


general sciences Too often we as 


teachers fail to emphasize the economic 


ECONOM 


IC BOTANY Cf 


mnportance OL plants to Vhethe 
Wipe ak be shown by tants 
{ howe pDinnts m horticuiture o1 ig) 
euliture oO pint It111Z Ol Vv madustry 
\ ce it most Introductory botany, 
CXts shoOWs re Cly ew eceonomle 
ants eated as | . Botany 
teachers seem to shiv VaV trom even 
ention oO nts ( eo ise to 
! ! hn more eI ef VOrK ~ ist 
— =\ fe) erie ( i) s-101 I CCO- 
ho ( Froup OT - Wier = eCsen’n (17 
( er DO hie ~ yiane ‘ iv be 
“ Vil ) 4s IS tO WOrkK On one W eh 
s of no significant oO nkine In mv 
own experience I find tha ‘ trodue- 
on or mention of economile plants me ns 
ore Int est bv the student nad this 
esults ore nteres 0 \ s a 
SC1lENICE 
Co Cut 0) ny COULG CO ( Oli 0) 
( nost interesting Courses I colledce 
Cu culub Nlany Heap eon to bDo- 
tanie ¢ adens (we find = tO In Cust 
t Lor Voor (, dens) ( K¢ short 
courses pboranv ol orticulture simply 
Dec Ist ev did not le imn ( ntornmia- 
lO! | ey s<lred ( COLLE ( eauca- 
ol | lt =Ol oO! e people ed to 
ike botany, but wished thev had. Often 
Ost \ oO OOK ] Vis ey ian t 
( ! go { \ il \ earned id no 
( rrv-OVE Lilie to em = home 
owners aha home garaeners Chis is un- 
ortul ( 0 iitel ome gardenmg 
= One a) Ou pbigges OCH Ons tTOdAY 
ind Ve should plan ou ntroauetory 
botany courses as much for the 90% ol 


enrollees who “are no bota- 


nists but are 


owners 4S 


tor our botanv matlors 


fessional botanists today expect 


for their programs from publie apa- 
thetie ol uninterested In these p oblems 
and especially if their taste for ‘sciences 


Was soured by i poo! introductory 


course? 


Genera with economic species should 


by suggested to graduate students tor 


AOR oe 
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monograph treatment 1 wherevel three examples of aboriginal plants which 
possibli advaneed students should dis- have become of tremendous lnportance 
cuss the economic lnplications in thell In very recent times, even though they 
final work and not pass them by, as is have been utilized by primitive peoples 
too frequently tiie Cust without one lor centuries 
word of comment There are literally Another problem lor economic botany 
hundreds of groups 1n this category whic is to see that valuabl research, which 
are available for taxonomic study. Why mav have been started by government 
they are so frequently ignored in favor or industry, is brought to sufficient com- 
of strictly non-useful groups I cannot pletion that it can be published. Exam- 
understand ples of this were certain of the research 

Of interest along these lines are the programs involving strategic plant ma- 


larg living gern plasm collections of terials prosecuted during World Wat I] 


economi plants maintained directly o1 Among such were thi programs involv- 
in cooperation by the U.S.D.A. in many ing selections of wild rubber and the 
parts of our country. These collections, search for wild sources of anti-malarials, 
of primary interest at present to. the particularly in the genus Cinchona,. Sev- 
practical plant breeder, are of inestima- eral members attending this conference 
ble value to botanical scientists, espe- worked on war projects of this type 
cially in taxonomy and genetics Yet Unfortunate was the fact that at the 
except for the fine collection of tuber- conclusion of the war, these programs, 
vielding species of Solanum, these collee- including valuable botanical study pro- 
tions ol economic plants (including many oralmis, were dropped and much of the 
genera of agronomic or horticultural im- information gathered so laboriously re- 
port) are practically unused by basie mains in files, unpublished and unknown 
botanical scientists. The U.S.D.A. would to the general scientifie pubhe In the 
vive every encouragement to taxonemic case of the two economic groups men- 
botanists It would do the lhe barium tioned, this was. the second such = en- 
botanist a great deal Ol cood to study deavol by thre vovernment mn the sole 
materials in field collections of this type fields, the first being during World Wat 
along with he rbarium specimens | In the ease of ¢ nchona work much 

There are other sorts of res¢ irch prob- earned in World War I would have been 
lems which wou d be most helpful to ol great use to thi botanists working on 
economic botany Although thoroug the World War IL program who had to 
floristic studies are certainly of great eo over the same ground without infor- 


basic importance, I think one of the most mation available from the original World 


necessary practical tasks for economic War program 

hotany today is a world-wide survey of The whole point here is that when a 
ethnobotanical uses of plants. As is well program is Initiated on any group of 
known, ethnie uses of many plants are plants, it should be followed through in 
discarded as primitive peoples come nto some Way, whether the plant has subse- 
greater contact With modern ¢lvilizations quent value or not There should be 


Even though tie plants may remain as some sort Of arrangements with the vOV- 


wild things in nature, the knowledge of ernment whereby programs of this type 


their uses in primitive areas will be lost could be picked up by universities or 
an unfortunate situation, for this knowl- other researeh organizations and carried 
edge otten serves as a clue to practical on to then completion It this Is not 


modern utilization of aboriginal plants done, future students in the same field 


Rotenone, curare, and reserpine are just will have to go over problems which 
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have already been taken care of by past ~ubject Phere ] a needa lor symposia 

but unpublished research to bring together the various facets 
Similar to the above probl is are those any phase Ol economle botany, e: 

involving Point 4 programs which aid ing up one subject and discussing it fron 


so-called backward areas Certain of botanical, chemiea and other 


these geographical areas are the great points of view, getting int d people 
gene centers of Many of our economu togethe In orde) | hat success- 
plants. In the endeavor to improve the fully, I think you do need organiza- 
status of native peoples with primitive tion. This is really a synthetie field, the 
agriculture, highly trained agricultural components coming together from vari- 
scientists Of our country ar introducing ous ps 1¢ biological ane physica 
high-yielding hybrid varieties of crops sciences, whereas som 


which are often so eminently suited to much more natural in that 


the area that they rapidly replace many posed Ol closely knit vo} 


primitive native varieties Which are sub- that forming an organization 
sequently lost Vet these very same na- yroups do come together to eXpress a 
tive crop types carry all sorts of lnpor- \ ly Interest in econonie botany Is gO- 
tant gene characteristics of much valu ing to be a very worthwhile undertaking 
Lo the mode rn plant breedet Concomil- | COnOMNC botan\ expr sses something 
tant with or before the introduction of neh Is Olten misunderstood, perhaps 
modern agricultural races of crop plants it is important to have the public 
to primitive areas should be a collection educated to realize t] l Is an lmpor- 
Ol primitive Varieties lor maintenance in tant subject that can stand on Its owl 
germ plasm collections feet, without apologies. It seems to me 
A small society could perhaps be head- econonie botany has a dehinite intrinsic 
quartered at an institution like the New lnportance ! recognized 
York Botanical Garden where there is 
interest 1n economic botany Doubtless G. NICKEL] 
a good proportion of the membership of 
such a new society would be from per- 
sonnel of industry, especially where that Probably the most difficult task we 
industry is concerned with plant utiliza- have is to define economic botany if that 
10n In view of the need for economic Is the term we want to ust To be eco- 
botanists to discuss problems with or- nNOnMC Is really to be prac leal, but prac 
ganic chemists and the like, some ear te: Is & relative term Not too long 
should be taken to make certain that ago, natural aves were Yr her important 
annual meetings of any such new society and held a special place In the commer- 
be held in conjunction with both AAAS cial field This importance waned as 
and AIBS synthetics and coal tars came into gen- 
ust Now, with the demonstration 


Lie potential dangers of the coal tat 


DR. DAVID D. KECK 
The New York Botanical Garder 


derivations and the threat of their being 
banned from the market. natural color 

It is rat he r interesting to find that t] materials again become Important From 
subject of economic botany has econo- a utilization point of view one’s interest 
mists and botanists in the minority of is in what is important right now. Im- 
those interested in the subject as a whole, portance, again, is relative, beeause w hat 
which means that the majority is com- is important now may not be important 


posed of others who are interested in the a Tew years trom now Rauwolfia and 
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outstanding 


Lioscore 


ot the Tactol that 


examples 01 


SOle revitalizing 
the general publie’s int t in economic 
From a medicinal point of view 


botany 


ecomineg 


i cor 
ie production 
mucroorganisins 
and Comp 
Diaest thie 


riic 


MAIO! 


i ood: 


nucieus to use in the production ol 


mones and corticoids. Steroids trom sisa 


lants were tried as the start- 


1 ] + 
Ing nucicus in the eariy WOrK WII 
sourees 4s steroidal precursors 


was to change the trom t! 


oxygen 


position to th le ve position In 
chemical under conditions 


would be economically fe sible 


this research Was well 


tim 


it Was tound that a Miicro- 


organisms one lermentatiol 


introduce e oxvgen into the de- 


i position For this reason thi hu- 
either position 


without Oxygen 1n 


he desirable torm Thus it was 


Mexican Yam 1 is 


source, and 1 t producers 


ound that the i mor 
appropriate 
, 


shifted to this plan 


I tl 


contribution 11 


(‘Concerning publications ink 


would be quite a more 


taxonomic papers included in the text 1n- 
rormation 1n addition to the taxonomy 


I am thinking particularly of analyses ot 


chemical constituents. Such data would 


he of considerable interest and make 


BOTANY 


publications of interest to ecolo- 


t 


physiologists, plant chemists 


irmacologists An exeellent ex- 


is type of work is a recent 


Dr. A 


Universidad ce 


varo Fernandez-Perez, 


by 
Colombia in Bo- 
He colle ected (‘olombi in species ol 


fa wor our company and pub- 


ished results of his collections including 


ol the genus in Co- 

he fon 
mcology, as V |] is ChHeHII1E | 
the materiats determined | 
ts in New York Aiter a 


tfanyv mM a veneral 


SCTist 


any diseipline 


one 
ain obligation 
working 


| 


qiscovered, named 


ts 1n 


it scientists 
v discussion 1 


tioned 


. , 
one Keeps ne complain 
rked , is is ear-marked, o1 


| think it 
to think 


“ear-mna 
rather 


that no 


or should be ear-marked ()] 


would all like unlimited basic 


budgets but we are all aware 


not possible However. ther 


11S 1s 


wavs to obtain funds which might be 


rv useful to the scientist It would be 


diculous for a taxonomist who pk: 


some remote pa 


Hi restricted rroup 


" 
he is interested to 


firm to finance suel 


in addition, he were to o 
ich that company 1s 
inces of obtaining funds 

The | 


and with a 


interested, his ¢| 


subst ittel up- 


proacl Is tuken many, 


aegree Ot success 


eertain 


One of the continuing problems in 


arouse interest 


the 


‘How ean We 
"On 


teaching Is, 


in botany?’ a broader seale point 


up. “Someone has to sell botany 


I feel very strongly that the teaching of 


COCs 


economic botany is one of the answers to 


this problem Unfortunately, too many 


PROCEEDINGS 


universities and colleges 


| are not prepared 
CO give such a course Howeve 11S Is 
{ type Of course that does interest 
people voung students, the layman 
people in business If they are inter- 
ested in botany it all, they are Interested 
ll thie economic side, of botany ho 


necessarily because thev are 


but because this aspect is ippealing 0 
the average person who knows tle o 
hotny ibout plants This is true o 
Housewives and businessmen. Ireshmet! 
ind graduate students. Another draw- 
back to te iching is the way it is carried 
ou oiten, so dul To be sure ea 

tvpe of course has to be taught. but why 
lor mstance in morphology, car ‘ 
morphology of the banana plant be 7 


cluded \lost People are 


extremely in 


ECONOM IE 
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As for membership in sue society fron 
naustry, f I" re not many botanists in 
Meius rest re Ow t C] ( - 
reat deal of industri researe { if s 
(r > WwW) OTaANY | et i na 
0 engaged 11 Sst ent of indus- 
\ VOUIC De hnterested the tormatior 
Oo su societv whi youl be the 
Only type of contact ¥ they would 

( the botamieal field 

DR. CHARLES M. RICK 


HeCey] tiie common experience of 


terested in a banana plant Chev are 
intrigued with what the plant looks lik« 
how the fruit are borne and the like Chis 
approach is used in other sciences, pat 
ticularly in geology where it is stressed 
In Introductory COUrSes, i Mmaneuve!) 
which lures students who never consid- 


ered majoring in the field 


As for the starting of a Society Ip} 
Kceonomie Botany, I believe one of the 
biggest advantages ls thre possibility oO! 
having in one publication and one meet 


Ing A mingling ol 


field 


the disciplines that 


make up this Such an OrganlZza- 
provide a good place 10) 
people to find out about thy 
a given 


the 


tion would 


taxonomy ot 


ant or group of plants, about 


chemistry of these plants, 
the plants, and the 


of making them a crop 


the distri- 


bution ol feasibility 
\s for meetings 
we might want to consider something in 
addition to regular 
by 


meetings as are held 


most societies, for exampl a svin- 


or 


yietl sclence departments on our campus 
iroliment of undergraduate stu- 
dents is mue Ow t I should be 
\t present we could plac four to five 
nes as many students as e graduat- 
ne Phe problem o tracting good 
quahhed students in s and other agri- 
itu helds is acute nad solutions are 
not readily found. Spreading the news 
in nous Ways of the favorable employ- 
ent opportunities does not effectively 
lrease enroliments in our experience 
Actually we now ive more graduate 
in undergraduate n Ors 1n plant sel- 
ence curricula. Qualified graduate stu- 
dents ine somewhat easier to attract 
uUthougeh good opportunities ilso go beg- 
ving this level 
\I thy reasons probably iccount Oo! 
this current lack of Interest In economi1 
botany Partly responsible is the facet 
that such curricula are not fashionabl 
Plants are rather fastidious to we rk witl 


and other fields require less preparation 


Unquestionably primary 


and se condary 


} , " 
educat ave a great deal to do Wit! 


posium 


Invitation 


type 


meeting on 


Here 


drug plants or on food crops il] 
Ol a 


aspects 


given 


segment 


ol economic 


It Mh decisions ol our graduate stu- 
dents as to their field ot work wer 
mostiv made quite early; rather few ad- 


botany could be discussed 


The neeting 


would not be too large to handle because 
only those people interested in the plants 


or topies under discussion would atte nd 


rit be Ing much influenced at the colle re 


] | 
eve 


\ttractions or inducements at the eol- 


LCE level are theretore likely to 


not 
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verv effective (;ood research assistant- economic botany in the strict sense, ana 
ships i? vood universities occasionally {1 opportunity Is voing to improve In- 
re not filled for lack of qualified and dustrv is lending support, and = future 
nterested candidates i situatiol un- prospects are even more favorable lo 
‘ KnOW! 20 vears ago \dding assistant- meet tiie prearetea =\W ¢ ling ot enroll- 
ships or Tellows ps Is theretore no ike i\ ments mn the next en vears coll res and 
to ==] miu 1 racting bet <tu- universities will have to mereas the 
dents to rest ( ll economic botany, il- faculties For =< outlet alone the pros 
though it would be a mistake to discredit pects of suitable placements of new 
this tvpe of support { more effective Ph.D.’s with interests in economie hot- 
thoug dmittedly more difficult solutiot inv should further improve 
is to stil ilate interest at n earier ape C)nit ispec ot plant ises tha macr- 
It is a formidable problem with our pres- > indably is often overlooked 1s the mat- 
ent educationa sVst oO tal ) \ t Ol itel ( mmacters | im relerring 
subyec ) ter taug 1! ower @rades oO the <ftonis ng situatiol ot mtrinskl 
Bu ere re other Waves O Cue ne wane erm Dinsm of one species it does no 
influencing these ot oroups Unques red CXPTesslol unless transferred 0 n- 
onably mu ean be done outside t other by hybridizatiol \ ease mn point 
eehool in scouting and other organiza- - the dominant gene Bb, discovered by 
ons i we shoulda oulae the Vr Ancol|n and Porter 1n t Wild tomato 
sponsibility of stimulat youngsters DY species, Lycope n horsutun rhis 
‘ ealing to then ( yon t= Oo ( 4 ( yithout anv KNOW! erect W itevel 
1) nt world in this species, produces a very dramati 
As to training WU econo yw tLaAnY l ( nee l enrotenola pigments Whel 
the broad sense, it is my opinion that tra sferred to L. esculentum Mi at 
most and orant co leges now offer Zoo rat other mstances coulda be eited trom 
curricula, particularly at the ¢! iduat our relatively hmited experience with to- 
level Even tor the more restricted con- mato species, ndicating that such latent 
cept students I’ exposed to much eharacters are not exceptional These 
the wav of classification ana utilization considerations lead to the disconcerting 
ot crop piants They usually dado not heal conelusion that the economule Value ot a 
mucel about tropica ind exotic crops, species Is not complet ly unc rstood un- 
but inspired instruction concerning them less thie AnAlVsis Me ludes segregating 
< not likelv to be give by someone not generations Of its possible hybrids wit 
having experience with these species other species 
The granti of degrees 1n economic 
botany does not strike m« is beimg an _ 
het, DR. DAVID J. ROGI RS 
‘mportant or desirable proposal Until 
: - ' : : Vi Vi Bot G ( 
such degrees are Well established, they 
might work to the disadvantage ol the Economic botany may he considered 


At present many avenues @CX- very broadly as any endeavol which con- 


recipients 
ist for de veloping thesis problems ol atl tributes knowledge about plants pres- 
important to societ\ 


economic botany nature in fe lds of basi ently Ol potentially 
science as taxonomy plant physiology Studies of a botanical nature on economic 
eco'ogy, genetics, ete plants should receive the same attention 


Finally, as to support 
if opportunities, | fee] optinis- port 
Vi plied sclences The 


reh and and support trom agencies which sup- 


or Teseca 
as well as ap- 


lacemen purely basic seclences 
tic The NSF and other agencies ha , sad truth 1s that 


reh in such is not 


funds tor resear 1! the ease, and reason 101 this 


already granted 


PROCEEDINGS Of} 


status Is that very little thought | 
given to the intent and coverage 
fie ld Ol economic botany 


It is, 


this conterenc 


then, an inportant tunetion 
to demonstrate thre 
ro' ot econonie bo inv mn 
sciences and in th 
Botanical 
Iront mn ae velopment Ol economic 
\ Actually, thie 
publiely and priva 
ii vood part OL thell 
MNportrance 


ornamentals 


tant and sign 


1oO1 studi ~ 


aiemal, bet 


\orneulturn 


moted economie botany 


Probably thre 


WOst success] 


ind best considered program mn econom 


botany has been ; \ University 


However, the majority of institutions for 
hig! 


her education im this country pay 


only lp-serviece to this area 
Studies in economic botany must be 
cooperation among many disciplines 


in example, the classification of vat 


tT10n Of econom species ean only be iC- 


complished when agricultural institutions 


are willing to grow the numerous vari- 


ants in test plots Which have been ex- 


pertly eared for by agronomists, and 


genetic studies of these variants are best 


accomplished at the time that the tax- 


onomist is making herbarium material 


lor systematic studies The chemieal 


analyses of Variants must likewis« 


be set up at ie time of growth of the 


plants. This is an ideal which ean rarely 


be accomplished for any group of plants 
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Is bevond possibilit 


ilk econon 


most promin 


seladon been 


COonsclous 
on studies 
No progra 
botany Wi 
1c! 
venerany, 
V1C, CCOLOLZIC, 
One important aspec 
In connection 
numerous because 
finding Jobs in other th: 
tings largely because 
sciously labelled 
portant point, therefore 


hot tlie 


who must some Wavy learn 


nist can contribute as 


+] 


uccesstul 


tuxonomu 


must be 


academic seCl- 


botanists. but 


well 


port 
defined in 


Vs10- 


or otnel 


1 


l iised 


Botanists are not 


difficulty of 


Cy are con- 


aus botanists The im- 


he edueation 
employers 
bota- 


as or better 


an ud then aqiscipiines to the 


116 ECONOMIE 
study ¢ uselu - ere e many 
problems involved wv n ecu on pro 
yram 107 1dministrators pu somet ng 

is to be done Ol ] In the held o 
botany and outside to impress the pub- 
ic al arge with the need tor more bota- 
nists vorking in economic botany 

In orde} TO SOLVE SOT OT the prob- 
ems aIscusseqd ibov SO COMO! 


mecting grouns 0 l CSTLOE Nal iduals 
must be provided Phere re MANY soc 
les, CluDs, Or Otle sue rVANIZATIONS 
existence Whose Purpose Is C Gissemill 
t10n Of Knowledge | re lTreque! \ 
Organized roune <Ingie sc1ence Or G1isel- 
pine Wil n marti ~ ence ( 
mit the particip Ine me bers to Ost 
V¢ erseqd n i re 

| ere = thererore need Ol or- 


inization or society tor economic bota- 


nists Vile = i ditleren orentatiol 
Since economie botanists are trom many 
different disciplines, the 1ocus tor a new 
society must be a unifying one, oriented 
to fit needs not now filled If such at 
organization can be properly defined to 


accomplish this unification, it will find a 


lace in the general society of science 


DR. RICHARD EVANS SCHULTES 
The Botanical Museum, H Unive 


It would be my hope that this confer- 
ence on economic botany could avoid be- 
coming unduly preoccupied over defini- 
tions There is no word or te rm whiel 
will not cause trouble when one starts to 
define it. Economic botany is quite pat- 
ently a blanket term signifying many 
facets of the study ol plants as they 
touch human life. For purposes of dis- 
cussion here and for any considerations 
connected with the possibl rormation oO} 
a society, I believe that the very broad- 
est significance should be welcomed 

At Harvard, the oldest course 1n eco- 
nomic botany in this country, given with- 
out interruption since 1875, is called 
“Plants and Human Affairs”. It ineludes 


BOTANY 
t some people iKe to split ott as 
separate discipline under the name ethno- 
hot iny ere Oonship between plants 
ind primiut eC ma LOaduaYN na roug 
tiie s udy 0 ( ePOLOE1( remains 0 
past ages Bu n the fina WAalVsis 
ere Is no Way OT separating the rela- 
tionship bet Vee! ) nts and p pit é 
en trom that \ il) C@Xists now betwee! 
plants and / / advanced mat 
Fron il endenn oOlnt oO lt ( 
-lnportant youl mus 1 to provide 
the man vhethe e be concentrating 
thie hiolog1 iif SCLICHCCS inthropology 
or geography i well-rounded and_ per- 
ips not-too-detared understanding ol 
ow and why man is still dependent o1 
e Plant Kingdom, even though, vea 
by vear, 1n complex civilization lke 
ours, he is farther and farther removed 
rom ylants because Ol intermediate proc- 
Csslng In the icademic sense, it Is @s- 
sential to set out primarily not to pre- 
pare students merely for filling a specifi 
ob in agriculture or industry. The man 
vho is well-trained in the fundamentals 


WSs he n provided WITND A broad 


interdisciplinary outlook, will eventually 


fit in and be better ible to cope with the 


ihe 
specie 


obs | cannot stress too strong!|\ 


now important it is ior us to avoid he ing 


] 


stampeded into training a large number 


of men who, thoug! prepared to do rou- 


tinely a particular job in economic bot- 


any In 


“ure rea 


Anot! 


ence lik 


| } 
| Heleve, 


( 


( 


a drug company, for exampl 


v not truly educated in their 


r consideration which a conter- 
this one of ours should discuss. 


is emphasis on field work It 


is certain that many of the greatest dis- 


coveries in economic botany he awaiting 


us in tl 


field. Relhance upon medicinal 


and other plants Is Tust disappearing 


among many primitive peoples with the 


ady anc 
training 
] 
underlie 
botany 


of modern civilization Special 
of a botanical nature must 


good field work in economic 


Much of the truly outstanding 


PROCEEDINGS OF 


researeh aone 1n 


medicinal pki 


ints Is Ol 


her iuse tl material analyzed 
properly identified with vouel 
mens in herbaria and cannot be 
Cert in botany today 


Much, if not mos 


he money used for congresses, sym} 


iinly 


1] 
art Ol talking 


eonterences ind co loquin COU Del 


| consider the idvancement 


sC1ienee, better 1 diverted to thre 


ration and sending out of youn 


Scuren 


Inancial support ul 


Dressture that 


most idvantage OUsIV spent 


the Ttunds 


Those Who are Infteresteqd 


In cconomic bota iv are keenly 


weed Tor cConstaney Ol org 


support Researe! ll t 


by its nature. 


stretches 


long period Changes and s\ 
irawal ot 


support short ot i YOu 


happens in government-sponsored 


During and 


I worked on the 


grams of research iiter thre 


recent war, rubber pro- 


gram direeted unde a modest budget by 


scientists in the Bureau of Plant Indus- 


try. Shortly after the war, this progr: 


fell under the direction of one Oo! the new 


technical aid organizations of the 


ernment Scientists no longer directed 


the work The new directors could not 


understand the need for basie researc] 


lv al 


} 


and gradually eliminated practica 
undertak- 


lnportant 


of the scientific aspect ol thre 


ing. One of tl most contri- 


butions we as economic botanists may 
be able to make, perhaps, will be to exert 
and 


Institutions and societies, 


pressure, individually through ow 


to entoree con- 


stancy and continuity on the part. of 


governmental and other agencies sup- 
porting basie research in the field 

It seems 
that, in this 
witnessing a shrinking world, the Ameri- 


universities 


stranger to me every day 


stage which is 


ol history 


can offering instruction in 
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young 


Wien 
mequat 
I instruction 
thev are 
1 course 
i look 
east, in botanv n 
| cw people WOUTLC ¢ 
education 1n ti 
verously \ la 


quanty and quantity auca 


secondary lieve a bye precisely In Ihe 


insufficient att paid to the sciences 


] 


Here we find nology, more espe- 


botanical side ol biology nas 


virtually disappeared from a substantial] 


portion of Our pubhe ‘Hoots It 


would appear to me t might 


We 1] be reintroduced I 1 wh sel ools 


with a distinct flavor economic bot- 


any, thus bringing to the student’s atten- 


tion the Impact ol and their biol- 


plants 
I 


lf This approach 


ogy upon man hilmse 


would seein to me t bye one wl ich those 


of us working in economic botany in 


academic or researc] institutions or in 


museums Or gardens might stress tor the 


benefit of future crops of scientists 


There really is a publie awakening 


in botany—especially in the various 


branches I economic Neve} 


418 


subseri 


several 


Would 


ECONOMK 


mn fistory ive so many 
} i ¢ 


bed 0 orticultural! 


d to so v horticultural o1 
Ing societies Mur museums have 
opened thelr doors to more Visl- 
li = son CU Ors 1Nsist ere 
hteres 1! DO ny l eertalnly - 
le oO { r( ( LED Le 0 Maus 
meah ~C1t CCs 0 0 Over! 
ere i 
0 SHDLIITYV ¢ UnanNne 
0 Keco 0 ( Bo ny Cre ( 
c( ~ { ti ~ 0 nn 0 nee 
1) Is no society oO <S0 


} ODE 


] 


] 
OUTNAIS O} 


or fo o Sl oT > How i 
sive or execlus ‘ Y 
Perse \ ( S ‘ ‘ 
( su SOCTCTY | t stoor i« <0 
° an ylis e 4 1 10 
ere 1s need su roup nv 
“Clip ec W ( ss OOSCIV KI l 
erests Howev: R oster 1 ‘ 
! nelusive ( bers oO not he 
‘ su society she ba 
ndager Vv « X1s O ASSOCIA- 
ons, su . e AIBS—c« niv no 
TY =f 
Nis mec hy - ol | ( WiwOstly 
Or one reasol 1) Keck = sald il 
it has shown that economic botanv eat 
stand on its own teet \ irge numbe) 
Ol Us [ie re oO ive Hbeen more or less 
lirectly working in pure sciences, and we 
vell know that the differentiation of pur 
and applied sciences is still very mucl 
with us. It is rather gratifying to se 
that, through the years, universities, bo- 
tanical gardens, and the Bureau of Plant 
Industry itself have come to realize that 
economic botany is in realitv a field ol 
and sometimes by tselt And I think 
that 1 the proposed Society for Eco- 
homie sotany bye lormed and takes ove! 
Economic BoTANy or strengthens it in 


any way this would constitute another 
step forward for economic botany not 
only in industry but in agriculture and 
teaching. If only pointing up the exist- 


AS P ng Om ae se 


BOTANY 
ence Of this fleld, this conference, I think. 
= fulfilled ery good purpose 
DR. G. LEDYARD STEBBINS 
( } ly 
/ ( f D 
except in connection with curricula in 
ericulture orestrv, al other appliec 
( = botany ~ Vs Dee sub Ted 
( ( ( ( CoO { a1 
Hterestlee () ~ 0) ( =O] 
O suppose that this situation is likely to 
( or nm the 1 ( ly e develo 
( ( OLessl¢ i yt =f eretore 
( =Cs Lopronre =~ ho i tl ss pve 
ur troaductoryv courses t 
I \ OULS (ill 1 ( ~ 0) 
Ooug el <Is oO] Clie CCOMK ( 
vO ofl eres \ ( ( , ) } 
<C1Tencs ( 0 ead } ! 
~ ( ~ i nian KCIV TO tye 0 
by developu Vays of establishir d 
eon} ( ~ oy Outs ne ne 
Te | ( Vhio ( terest j ou 
(i had practicing thx inists Whose ¢ 
nence and resear bilitv is matched by 
elr ski ind ability. ino stimulating 
voung minds on an individual basis Pha 
Ne \ York Bot inieal Grarden could serve 
s al Intermediary in sucl CTIVITY 
through the presence on its staff of one 
or more educators Wit! i thorough know!]- 
edge of and enthusiasm for plant science 


who could communicate freely and in- 


with hig! school stucl hts o1 


one hand, and the research staff of 


the Garden on the othe The function 
Ol thes¢ educators would bye to organize 
ind conduct visits of school children to 


the Garden, and on sue 


Visits to make 


contact as with indi- 


much as possible 


vidual students who showed an unusual 


interest in and aptitude for plant science 


This interest could be further eneour- 
aged by guiding the young person in 
small research projects, eithe! directly 


Ol through advice v1vVen to his school 


‘ 


eache! 
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Another Way 1n which the Garden ean Ne York Botanical Ga might take 


help cle velop Interest 1n plant science 1s part would | est 


iblish- 
by emphasis on special exhibits of plants 


‘vene banks’ 


ire useclul or otherwise interesting ins ana 


. such as the origin of certain ¢1 extensively 


plants or ornamental flowers. Exhibits plant Phese 


this sort have 0 bye planned Vith the 


sources Of genes 


ind must 


present int ia- DOANKS 0 


Trom ill 
ly 
norphology, mac 
OWN When well done 


vent young people 


rOpDpD 


lants, suel 


tobacco. but 


stations, such as dru 
] | : noug 
plants and the garden ornamentals : 
> , “are also concerned 
Research activitv in economic botany 
| | j , going to find ¢ 
should emphasize not only the speeifi 

ire now tocusing their atten 

uses of economic plants, but also thei : . et 

: . SCNOOILS Thus competitor 
relationships and origin. For the latter 

} } Keener 
purposes the synthetie approacl 


sential Information from sVstematics aor 7 is an excellent " obeisen 
should he combined with that trom g ‘ BM schools because n provides . 
netics, evytology, and morphology In be teaching basic pring ipl S Ol biol- 
intelligent fashion eithe rbv a single pel & on will be Mnportant and useful 
son well versed in all of tiem disciplines, both to students going on for advanced 


or by cooperation between botanists who. training In science and to those who are 


though in different disciplines, neverthe- not. This latter group is almost certain 


less thoroughly understand each other’s to have a continued 


contact with botany 
pomnt of view 


throughout their lives on farms or around 


A useful aid to researeh in whieh th their homes in raising lawns, trees. shrubs. 
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thing should be to encourage the teac eve Undergraduate instruction in uni- 
ng Ol] botanv i L “Chools to a greatel versities is requentiv neglected by po 
extent ft il snow being don Since the tentiallv ¢ ibie teachers because ther 
lc Of the course w DeAl direct 1 primarv interest les in researe leach- 
tion to the nterest and knowledge o Ing ol the undergraduate is not chore 
thre dividu presenting it. considera to be rele ted to the new instructor who 
t10n should be given to iVs Ol getting Is ul Die to Void it 
more botanists tear ne Hotany I lf I su \ 0 ssure & sUpPDIV Of top- 
sCHOOIs note botanists in the future. first of a 
Wnee the students nterest is beer vou e got to arouse the terest of 
OUSed II A SCHOO the task is Ol the stude 1} ( “Choo ind then vou 
DCVUI f Ix Intere his iy preserved \" to re-serye ind «ake elon ft =< Inter- 
I }o1 } I t! tol l 1 { Vel Cast 1T¢ | ¢ st nt vets nt¢ COLLCEt 


BOOK 


the Plant Environment. 
J. P. Hudson, De 


~ ( | 


Control of 


imowed 
ptions of tual working 


irious 


hvironment ’ 
; iplul 
ibles emphasized i i i « ten : 7 : ' 
. : { idv been ichieved 
eratures, light, vapor | u I : - 
: vironmental control 


OSITIOI the { | 
Kinds Of VOTK, ind 


the availability of | ut n ack 
to reporting results already ol l, tl agen 
The fir ind | 


contributors show no hesitaneyv j 

evaluating the difficulties and limitations tion of the book is devoted 
ag epoca demons 

f } 


controlled environment studi | 
| difficulty which becomes I sVmposium \ number ot these 
be complementary 


trations which formed 


SINIE 
that there is no such thing as a itral " 
environment to which plants do not react h ire not very me¢ 
ll 1 which would, therefore. serve when considered alone However 


na is Q wh 


section includes a short ch ipter, ~ 


t 


99 


in 


ins data on the 


bot! 


t\ 


? 


I 
This 


es ( 


ECONOMIC 


Lamps for 


controlled environment”, which con- 


spectral flux distribution of 
tubular 


fluorescent ind 


vowered discharge lamps 


lamps four 
f higher y 
idmirable production 


I ind both 


ls completed 
membe Author and 


BOTANY 
Subject indexes, as 
Terms It mav be fairly said that 
Fourth E School in Nottingham 
successful, both in promoting knowledg« 
irousing interest 


well Definitions 


is ol 
the 
was 


ind 


ister 


ALAN J 
The New 


THOMAS 


York Botanical Garden 


